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NATIONAL FOREWORD 

This Indian Standard (Part 1) (Second Revision) which is identical with ISO 230-1:1996 Test code for 
machine tools — Part 1:Geometric accuracy of machines operating under no-load or finishing conditions' 
issued by th^ International Organization for Standardization (ISO) was adopted by the Bureau of Indian 
Standards on the recommendation of the Machine Tools Sectional Committee and approval of the Basic 
and Production Engineering Division Council. 

Originally, IS 2063 'Code for testing machine tools' was formulated in 1962 and was based on Draft ISO 
recommendations No. 283 Machine tool test code (revised text). With the advancement in technology 
and the experience gained in the field of machine tools. ISO has published ISO 230-1:1986. 
Consequently, first revision of IS 2063 was published in 1988 to align it with ISO 230-1:1986 in order 
to keep pace with the international technology. This second revision has been taken up to align this 
standard with ISO 230-1:1996 which has been technically revised and is now published as Part 1 of 
IS 2063. 

ISO 230 consists of the following parts under the general title 'Test code for machine tools' — 

Part 1: Geometric accuracy of machines operating under no-load or finishing conditions 

Part 2: Determination of accuracy and repeatability of positioning of numerically controlled machine 
too! axes 

Part 3: Evaluation of thermal effects 

Part 4: Circular tests for numerically controlled machine tools 

Part 5: Determination of noise emission 

The other parts are under consideration with Machine Tools Sectional Committee for adoption as other 
parts of IS 2063. 

The text of the ISO Standard has been approved as suitable for publication as Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker in the International Standard while in Indian 
Standards, the current practice is to use a point (.) as the decimal marker. 

c) Where 'American taper 7/24' appears; it may be read as 'Self release 7/24 taper'. 

d) Wherever in respect of 'Measuring instrument' reference to ISO/TC 3 'Limits and fits' has been 
made, it may be read as reference to the national committee, BP 25 'Engineering Meteorology'. 

e) Conical shank of Morse taper may be read according to IS 1715:1987 'Self holding tapers 
{second revision)'. 

Contents have been listed for easy reference in this standard. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated, expressing the result of a test or analysis shall be rounded off in 
accordance with IS 2:1960 'Rules for rounding off numerical values {revised)'. The number of significant 
places retained in the rounded off value should be the same as that of the specified value in this 
standard. 
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Indian Standard 
TEST CODE FOR MACHINE TOOLS 

PART 1 GEOMETRIC ACCURACY OF MACHINES OPERATING 
UNDER NO-LOAD OR FINISHING CONDITIONS 

(Second Revision) 



1 Scope 

The aim of this part of ISO 230 is to standardize 
methods of testing the accuracy of machine tools, 
operating either under no-load or under finishing 
conditions, by means of geometric and machining 
tests. The methods may also be applied to other 
types of industrial machines where geometric and 
machining tests are concerned. 

This part of ISO 230 covers power-driven machines, 
not portable by hand while working, which can be 
used for machining metal, wood, etc. by removal of 
chips or swarf or by plastic deformation. 

This part of ISO 230 relates only to the testing of 
geometric accuracy. In particular, it deals neither with 
the operational testing of the machine tool (vibrations, 
stick-slip motion of components, etc.} nor with the 
checking of characteristics (speeds, feeds), as these 
checks should normally be carried out before testing 
of the accuracy of the machine tool. 

When a measurement method not described in this 
standard can be shown to offer equivalent or better 
facilities for measuring the attributes to be studied, 
such a method may be used. 



2 General considerations 



2.1 Definitions relating to geometric tests 

A distinction should be made between geometric 
definitions and those designated in this part of 
ISO 230 as metrological definitions. 

Geometric definitions are abstract and relate only to 
imaginary lines and surfaces. From this it follows that 
geometric definitions sometimes cannot be applied in 



practice. They take no account of the realities of 
construction or the practicality of geometric verifi- 
cation. 

Metrological definitions are real, as they take account 
of real lines and surfaces accessible to measurement. 
They cover in a single result all micro- and macro- 
geometric deviations. They allow a result to be 
reached covering all causes of error, without dis- 
tinguishing among them. Such distinction should be 
left to the manufacturers. 

Nevertheless, in some cases, geometric definitions 
[e.g. definitions of run-out (out-of-true running), per- 
iodic axial slip, etc.) have been retained in this part of 
ISO 230, in order to eliminate any confusion and to 
clarify the language used. However, when describing 
test methods, measuring instruments and tolerances, 
metrological definitions are taken as a basis. 

2.2 Test methods and use of measuring 
instruments 

During the testing of a machine tool, if the methods of 
measurement only allow verification that the 
tolerances are not exceeded (e.g. limit gauges) or if 
the actual deviation can only be determined by high- 
precision measurements for which a great amount of 
time would be required, it is sufficient, instead of 
measuring, to ensure that the limits of tolerance are 
not exceeded. 

It should be emphasized that inaccuracies of 
measurement due to the instruments, as well as to 
the methods used, are to be taken into consideration 
during the tests. The measuring instrument should 
not cause any error of measurement exceeding a 
given fraction of the tolerance to be verified. Since the 
accuracy of the devices used varies from one labora- 
tory to another, a calibration sheet should be available 
for each instrument. 
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Machines under test and instrumentation should be 
protected from draughts and from disturbing light or 
heat radiation (sunlight, electric lamps too close, etc.), 
and the temperature of the measuring instruments 
should be stabilized before measuring. The machine 
itself shall be suitably protected from the effects of 
external temperature variation. 

A given measurement should preferably be repeated, 
the result of the test being obtained by taking the 
average of the measurements. However, the various 
measurements should not show too great deviations 
from one another. If they do, the cause should be 
sought either in the method or the measuring instru- 
ment, or in the machine tool itself. 

For more precise indications, see annex A. 



2.3 Tolerances 

2.31 Tolerances on measurements when testing 
machine tools 

Tolerances, which limit deviations to values which are 
not to be exceeded, relate to the sizes, forms, pos- 
itions and movements which are essential to the 
accurScy of working and to the mounting of tools, 
important components and accessories. 

There are also tolerances which apply only to test 
pieces. 

2.31 1 Units of measurement and measuring ranges 

When establishing tolerances, it is necessary to indi- 
cate: 

a) the unit of measurement used; 

b) the reference base and the value of the tolerance 
and its location to the reference base; 

c) the range over which measurement is made. 

The tolerance and the measuring range shall be 
expressed in the same unit system. Tolerances, 
particularly tolerances on sizes, shall be indicated only 
when it is impossible to define them by simple refer- 
ence to International Standards for the components of 
the machine. Those relating to angles shall be ex- 
pressed either in units of angle (degree, minute, 
second) or as tangent (millimetres per millimetres). 

When the tolerance is known for a given range, the 
tolerance for another range comparable to the first 
one shall be determined by means of the law of 
proportionality. For ranges greatly different from the 
reference range, the law of proportionality cannot be 
applied: tolerances shall be wider for small ranges and 
narrower for larga ranges than those which would 
result from the application of this law. 



2.312 Rules concerning tolerances 

Tolerances include inaccuracies inherent in the 
measuring instruments and test methods used. Inac- 
curacies of measurement should consequently be 
taken into account in the permitted tolerances (see 
2.2). 

EXAMPLE 

Tolerance of run-out: x mm 

Inaccuracy of instruments, errors of measure- 
ment: y mm 

Maximum permissible difference in the readings 
during the test: ix-y) mm 

Errors due to inaccuracies arising from comparative 
laboratory measurements, inaccuracies of form of 
machine parts used as reference surfaces, including 
surfaces masked by styti or by support points of 
measuring instruments. Should be considered. 

The actual deviation should be the arithmetical mean 
of several readings taken, due to the above causes of 
error. 

Lines or surfaces chosen as refel-ence basis should be 
directly related to the machine tool (e.g. line between 
centres of a lathe, spindle of a boring machine, slide- 
ways of a planing machine, etc.). The direction of the 
tolerance shall be defined according to the rules given 
in 2.324. 



2.32 Subdivisions of tolerances 

2.321 Tolerances applicable to test pieces and to 
individual components of machine tools 

It should be noted that the rules for indicating geo- 
metric tolerances on drawings given in ISO 1101 
apply to the geometric accuracy of individual parts. 
These rules should be adhered to on manufacturing 
drawings. 



2.321 . 1 Tolerances of dimension 

The tolerances of dimension indicated in this part of 
ISO 230 relate exclusively to the dimensions of test 
pieces for machining tests and to the fitting dimen- 
sions of cutting tools and of measuring instruments 
which may be mounted on the machine tool (spindle 
taper, turret bores). They constitute the limits of 
permissible deviations from nominal dimensions. They 
shall be expressed in units of length (e.g. deviations of 
bearings and bore diameters, for the setting up and 
the centring of tools). 

Deviations should be indicated numerically or by the 
symbols given in ISO 286-1 . 
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EXAMPLE 

on +0,012 „, on;£> 

80 -0,007 or 80j6 



2.321.2 Tolerances of form 

Tolerances of form limit the permissible deviations 
from the theoretical geometric form (e.g. deviations 
relative to a plane, to a straight line, to a revolving 
cylinder, to the profile of a thread or a gear tooth). 
They shall be expressed in units of length or of angle. 
Because of the dimensions of the stylus surface or of 
the support surface, only part of the error of form is 
detected. Therefore, where extreme accuracy is 
required, the area of the surface covered by the stylus 
or support shall be stated. 

The stylus surface and shape should be suitable for 
the microgeometry of the surface to be measured (a 
surface plate and the table of a heavy planing machine 
ar^'not measured with the same stylus surface). 



2.321.3 Tolerances of position 

Tolerances of position limit the permissible deviations 
concerning the position of a component relative to a 
line, to a plane or to another component of the ma- 
chine (e.g. deviation of parallelism, perpendicularity, 
alignment, etc.). They are expressed in units of length 
or angle. 

When a tolerance of position is defined by two 
measurements taken in two different planes, the 
tolerance should be fixed in each plane, when the 
deviations from those two planes do not affect the 
working accuracy of the machine tool in the same 
way. 

NOTE 1 When a position is determined in relation to 
surfaces showing errors of form, these errors should be 
taken into account when fixing the tolerance of position. 

2.321.4 Influence of errors of form in determining 
positional errors 

When relative positional errors of two surfaces or of 
two lines (see figure 1, lines XY and ZT) are being 
determined, the readings of the measuring instrument 
automatically include some errors of form. It shall be 
laid down as a principle that checking shall apply only 
to the total error, including the errors of form of the 
two surfaces or of the two lines. Consequently, the 
tolerance shall take into account the tolerance of form 
of the surfaces involved. (If thought useful, prelimi- 
nary checks may ascertain errors of form of lines and 
of surfaces, of which the relative positions are to be 
determined.) 

When displayed in a graph (see figure 1) the different 
readings mn of the measuring instrument result in a 
cuo/e, such as ab. It is to be accepted, as a rule, that 



the error be determined using line AB instead of this 
cun/e,"as stated in 5.21 1.1. 




Figure 1 



2.321.5 Local tolerances 

Tolerances of form and position are usually related to 
the form or position as a whole (e.g. 0,03 per 1 000 
for straightness or flatness). However, it may be 
desirable to limit the permissible deviation over a 
partial length to a different value. This is achieved by 
establishing a local tolerance related to a portion of 
the total length. 

The local deviation is the distance between two lines 
parallel to the general direction of the part of the line 
or trajectory of the component which contains the 
maximum deviations of the partial length (seie fig- 
ure 2). 
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The value of the local tolerance (rjocai) should be 
established: 

— from the standard relating to a machine tool and 
for each particular test, 

or 

— as a proportion of the total tolerance (7\otai). 
provided that it does not fall below a minimum 
value (normally 0,001 mm) (see figure 3). 

In practice, local defects are generally imperceptible, 
as they are covered by the supporting or the detecting 
surfaces of the measuring instruments. However, 
when the detecting surfaces are relatively small (styli 
of dial gauges or micro-indicators), the measuring in- 
strument should be such that the styli follow a sur- 
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face of high-grade finish (straightedge, test mandrel, 
etc.). 
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EXAMPLE 
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= 0,03 mm 
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= 1 000 mm 


Ly 


= 100 mm 





Then 



7|ocai =-^^x100 
°^^ 1 000 

= 0,003 mm 



EXAMPLE 2 

Angle of rotation of a spindle rel&tive to the angular 
displacement of a dividing plate coupled to it (see 
figure 5). The tolerance of positioning is p. 




Target position 



Actual position 



Rgure 5 
2.322. 1 1 Tolerances of repeatability 

Tolerances of repeatability limit the spread of devi- 
ations, when repeating movements approach the 
target in the same or opposite direction. 

2.322.2 Tolerances of the form of trajectory 

Tolerances of the form of trajectory limit the deviation 
of the actual trajectory of a point on the moving 
component relative to the theoretical trajectory (see 
figure 6). They shall be stated in units of length. 



2.322 Tolerances applicable to the displacement of a 
component of a machine tool 

NOTE 2 Positioning accuracy and repeatability of nu- 
merically controlled nnachine tools shall be referred to 
ISO 230-2. 



2.322.1 Tolerances of positioning 

Tolerances of positioning limit the permissible devi- 
ation of the position reached by a point on the moving 
part from its target position after moving. 

EXAMPLE 1 (see figure 4) 

At the end of the travel of a slide, the deviation d is 
the distance between the actual position reached and 
the target position. The tolerance of positioning is p. 

Actual position - 



Target position 



Tolerance 



Actual trajectory 




Ttieoretical trajectory 
Rgure 6 




Hgure 4 



Figure 7 

2.322.3 Tolerances of relative position of straight- 
line motion (see figure 7) 

Tl]le tolerances of relative position of straight-line 
motion limit the permissible deviation between ihe 
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trajectory of a point of the moving connponent and the 
prescribed direction (for example deviation of paral- 
lelism or perpendicularity between the trajectory and a 
line or a surface). They are expressed in units of 
length for the total length L or any measuring length 
of/. 

2.322.4 Local tolerance of displacement of a 
component 



3 Preliminary operations 

3.1 installation of the machine before test 

Before proceeding to test a machine tool, it is essen- 
tial to install the machine upon a suitable foundation 
and to level it in accordance with the instructions of 
the manufacturer. 



Tolerances of positioning, form of the trajectory and 
direction of straight-line motion are also related to the 
total length of displacement of a component. When 
local tolerance is required, definition and estab- 
lishment of the local tolerance value -are similar to 
2.321.5. 

2.323 Overall or inclusive tolerances 

The overall tolerances are intended to limit the result- 
ant of several deviations which may be determined by 
a single measurement, without it being necessary to 
know each deviation. 

EXAMPLE (see figure 8) 

The deviation for the run-out of a shaft is the sum of 
the deviation of form (out-of-round of the circumfer- 
ence ab with which the stylus is in contact), the 
deviation of position (the geometric axis and the axis 
of rotation of the shaft do not coincide) and the devia- 
tion of out-of-round of the bore of the bearing. 
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2.324 Symbols and positions of tolerances for 
relative angular positions of axes, slideways, etc. 

When the position of the tolerance in relation to the 
nominal position is symmetrical, the sign ± may be 
used. If the position is asymmetrical, it shall be stated 
precisely, in words, either in relation to the machine or 
to one of the components of the machine. 

2.325 Conventional definition of the axes and of the 
movements 

In order to avoid using the terms transversal, longi- 
tudinal, etc., which are liable to create confusion, the 
axes of the displacements and rotations of the ma- 
chine parts are designated by letters (e.g. X, Y, Z, etc.) 
and signs, in accordance with ISO 841. 



3.11 Levelling 

The preliminary operation of installing the machine 
shall involve (see 3.1) its levelling and is essentially 
determined by the particular machine concerned. 

The aim of the levelling is to obtain a position of static 
stability of the machine which will facilitate sub- 
sequent measurements, especially those relative to 
the straightness of certain components. 



3.2 Conditions of the machine before test 



3.21 Dismantling of certain components 

As the tests are carried out, in principle, on a com- 
pletely finished machine, dismantling of certain com- 
ponents should only be carried out in exceptional 
circumstances, in accordance with the instruqtions of 
the manufacturer (e.g. dismantling of a machine table 
in order to check the slideways). 



3.22 Temperature conditions of certain components 
before test 

The aim is to evaluate the accuracy of the machine 
under conditions as near as possible to those of 
normal functioning as regards lubrication and warm- 
up. During the geometric and practical tests, com- 
ponents such as spindles, which are liable to warm up 
and consequently to change position or shape, shall 
be brought to the correct temperature by running the 
machine idle in accordance with the conditions of use 
and the instructions of the manufacturer. 

Special conditions may be applied to high-precision 
machines and some numerically controlled machines 
for which temperature fluctuations have a marked 
effect on the accuracy. 

It is necessary to consider how much the machine 
alters in dimensions during a normal working cycle 
from ambient to working temperature. The preliminary 
warm-up sequence and the ambient temperature at 
which the machine is to be tested should be the 
subject of agreement between the manufacturer and 
the user. 
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The main areas where thermal distortion can cause 
concern are: 

a) the structure (including spindle) displacement, 
especially in the primary and axial plaries; 

b) the axis d'^ives and positioning feedback systems 
which are important when the positioning accu- 
racy depends on the lead screw. 

3.23 Functioning and loading 

Geometric tests shall be made either when the ma- 
chine is at a standstill or when it is running idle. When 
the manufacturer specifies it, for example as in the 
case of heavy-duty machines, the machine shall be 
loaded with one or more test pieces. 



4 Machining tests 



4.1 Testing 

Machining tests shall be carried out on standard test 
pieces or test pieces supplied by the user. The ex- 
ecution of these machining tests shall not require 
operations other than those for which the machine 
has been built. Machining tests shall comprise the 
finishing operations for which the machine has been 
designed. 

The number of workpieces or, as the case may be, 
the number of cuts to be made on a given workpiece, 
shall be such as to make it possible to determine the 
nominal accuracy. If necessary, wear on the cutting 
tool used should be taken into account. 

The nature of workpieces to be made, their material, 
their dimensions and the degree of accuracy to be 
obtained, and the cutting conditions shall be agreed 
between the manufacturer and the user, unless ISO 
specifications already exist. 

4.2 Checking of workpieces in machining tests 

Checking of workpieces in machining tests shall be 
done by measuring Instruments selected for the kind 
of measurement to be made and the degree of accu- 
racy required. 

The tolerances indicated in 2.321, particularly in 
2.321 .1 and 2.321 .2, are to be used for these checks. 

In certain cases, the machining tests may be replaced 
or supplemented by a special test defined in the 



corresponding International Standard (e.g. deflection 
test under load, kinematic test, etc.). 



5 Geometric tests 



5.1 General 

For each geometric test of a given characteristic of 
shape, position or displacement of lines or surfaces of 
the machine such as: 

— straightness (see 5.2), 

— flatness (see 5.3), 

— parallelism, equidistance and coincidence (see 
5.4), 

— squareness (see 5.5), 

— rotation (see 5.6), 

a definition^, methods of measurement and the way 
to determine the tolerance are given. 

For each test at least one method of measurement is 
indicated, and only the principles and apparatus used 
are shown. 

When other methods of measurement are used, their 
accuracy shall be at least equal to the accuracy of 
those in this part of ISO 230. 

Although, for the sake of simplicity, the methods of 
measurement have been chosen systematically from 
those which employ only elementary measuring in- 
struments, such as straightedges, squares, mandrels, 
measuring cylinders, precision levels and dial gauges, 
it should be observed that other methods, notably 
those using optical devices, are in fact generally used 
in machine tool building and in inspection depart- 
ments. Testing of machine tool components of large 
dimensions often requires the use of special devices 
for convenience and speed. 

5.2 Straightness 

Geometric checks covering straightness are the 
following: 

— straightness of a line in a plane or in space, see 
5.21; 

— straightness of components, see 5.22; 

— straightness of motion, see 5.23. 



1) See also 2.1. 
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5.21 Stralghtness of a line in a plane or in space 
5.211 Definition 

5.21 1.1 Straiglitness of a line in a plane 

(see figure 9) 

A line located in a plane is deemed to be straight over 
a given length when all its points are contained be- 
tween two straight lines parallel to the general direc- 
tion of the line, whose relative distance is equal to the 
tolerance. 

The general direction of the line or representative line 
shall be defined so as to minimize the straightness 
deviation. It may be conventionally defined either: 

— by two points appropriately chosen near the ends 
of the line to be checked (in most cases parts 
close to the ends can be neglected, as they most 
often present insignificant local defects) 



or 



by a straight line computed from plotted points 
(e.g. the least squares method). 




Figure 9 

5.21 1 .2 Straightness of a line in space (see figure 1 0) 

A line in space is deemed to be straight over a given 
length when each of its projections on two given 
perpendicular planes parallel to the general direction 
of the line is straight (see 5.211.1). 




Hgure 10 

NOTE 3 The tolerance may be different in each plane. 



5.212 Methbds of measurement of straightness 

There are two methods for the measurement of 
straightness, based on either: 



the measurement of length 



or 



— the measurement of angles. 

The practical reference for .straightness can be physi- 
cal (straightedge, taut-wire) or by comparison to 
reference lines given by a precision level, light beam, 
etc. 

Recommended instruments: 

a) for lengths below 1 600 mm: a precision level or 
physical reference (for example a straightedge); 

b) for lengths above 1 600 mm: reference lines (a 
precision level, optical device or possibly a taut- 
wire). 



5.212.1 
length 



Methods t>ased on the measurement of 



A practical reference artifact (straightness reference) 
shall be placed in a suitable position relative to the line 
to be checked (see figure 11), to allow the use of a 
suitable measuring instrument. 

The instrument provides deviation readings of the 
checked line with respect to the reference of 
straightness; readings may be obtained at various 
points (uniformly distributed or random) over the 
entire length of the checked line (selected point 
spacing being independent of the instruments used). 

It is recommended to position the straightness refer- 
ence in such a way that readings at both ends are 
approximately similar. Readings are then directly 
plotted using appropriate scales. 

Results are processed by defining a representative 
line (see 5.211.1). Corrected deviations correspond to 
the values represented by Mm' segments. 

The deviation of straightness is defined as the dis- 
tance between two straight lines, pjarallel to the 
representative line, touching the upper and lower 
extremes of deviation. 

NOTE 4 When the slope of the representative line is high, 
the vertical magnification should be considered. 




-Straightness deviation 

Rgurell 
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5.212.11 Straightedge method 



5.21 2.1 1 1 Measurement in a vertical plane 

The straighte,dge should be placed on two blocks, 
located, if possible, at the points corresponding to the 
minimum deflection due to gravity (for optimum 
support, see A.2). 

The measurement shall be made by movrrvg along the 
straightedge a dial gauge mounted on a support with 
three contact points. One of these contact points 
rests on the line of the surface to be measured and 
the dial gauge stylus is on the line normal to that 
contact point and in contact with the straightedge 
(see figure 12). 



Provision shall be made for the moving component to 
follow a straight line (guiding straightedge). 

Known errors of the straightedge can be taken into 
account, if required, in processing the result. 

5.212.112 Measurement in a horizontal plane 

In this case it is advisable to use a parallel-faced 
straightedge lying flat. 

The reference face is touched by a dial gauge moving 
in contact with the surface to be checked (see fig- 
ure 13). The straightedge is set to give identical read- 
ings at both ends of the line; deviations in the line 
relative to the straight line joining the two extremes 
may be read off directly. 




Parallel block 
Contact point on line normal with stylus 

Rgure 12 
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2nd reading 



Figure 13 
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It should be noted that whatever the straightedge 
deflection on its supports, the reference-face straight- 
ness is in practice not altered by this deflection due to 
gravity. 

Another feature of the straightedge method for straight- 
ness measurement in a horizontal plane is that it allows 
measurement of straightness deviations of both the 
straightedge reference face and the surface to be 
checked. 

For this purpose the so-called reversal method is 
used. It consists, after a first measurement as de- 
scribed above, in rotating the straightedge 180° about 
its longitudinal axis and traversing the same reference 
face in reverse with the same dial gauge, also re- 
versed and always resting on the surface to be 
checked. 



straightness deviation of the surface 




1st reading Ei 



Curve M 



-2nd reading E2 
' Straightness deviation of the straightedge 

Figure 14 



Both deviation curves Ei and E2 thus obtained and 
compared in figure 14 are the sum of the straightedge 
and surface deviations on the one hand, and the 



difference between those deviations on the other 
hand. 

The average curve M is the deviation of the reference 
face of the straightedge. Deviation ME^ (or ME2 
which is equal) is the straightness deviation of the 
checked surface. 



5.212.12 Taut-wire and microscope method 

A steel wire, with a diameter of about 0,1 mm, is 
stretched to be approximately parallel to the line to be 
checked (see figure 15). For example, in the case of a 
line MN, located in a horizontal plane, with a micro- 
scope placed vertically and equipped with a horizontal 
micrometric displacement device, it is possible to read 
the deviation of the line to the taut-wire representing 
the reference of measurement in the horizontal plane 
of measurement XY (see also A.9). 

The taut-wire F and the line to be checked shall be in 
the same plane perpendicular to the considered 
surface containing MN. 

The microscope support rests on the surface contain- 
ing the line to be checked at two points, of which one 
point P is situated in the plane normal to the surface 
considered, containing the microscope optical axis 
(see figure 15). 

The taut-wire method is to be avoided when the sag / 
of the wire F has to be taken into account. Thus, in 
the case of figure 1 5 with a microscope placed hori- 
zontally, it is possible to measure the straightness of 
line RS in a vertical plane when the sag of the wire is 
known at each point, but this sag is extremely difficult 
to determine with adequate accuracy. 





Section according to X-Y plane 

Figure 15 
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5.212.13 Alignment telescope method 

When using an alignment telescope (see figure 16}, 
the difference in level, a, corresponding to the dis- 
tance between the optical axis of the telescope and 
the mark shown on the target, is read directly on the 
reticle or by means of the optical micrometer (see 
A. 10). 

The optical axis of the telescope constitutes the 
reference of measurement. 

By rotating the entire telescope and the target, it is 
possible to check the straightness of a line in any 
plane. 

The target support should rest on the surface contain- 
ing the line to be checked at as many points as re- 
quired to ensure stability and guidance. 

One of the target support points P shall be placed on 
the tine to be checked and treated with all precautions 
as described in 5.212.12. 

The target shall be normal to the surface containing 
the line to be checked at point P. 

AH precautions shall be taken for the moving element 
displacement to be reasonably rectilinear and parallel 
to the telescope optica! axis. 

In the case of longer lengths, the accuracy is affected 
by the variation of the refractive index of air, which 
contributes to the deviation of the light beam. 



5.212.14 Alignment laser technique (see 
figure 17) 

A laser beam is used as the reference of measure- 
ment. The beam is directed at a four-quadrant photo- 
diode detector which is moved along the axis of the 
laser beam. Horizontal and vertical deviations of the 
detector centre with respect to the beam are de- 
tected and passed to recording equipment. The 
measuring instrument manufacturer's instructions 
should be consulted (see also A.I 3). 

Equal care shall be taken with one of the detector 
support points P as described in 5.212.13. 



5.212.15 Laser interferometry technique (see 
figure 18) 

The bi-mirror reflector defines the reference of 
measurement. 

A laser interferometer and special optical components 
are used to detect changes in the position of a target 
relative to the axis of symmetry of the bi-mirror reflec- 
tor. The optical components and precise measuring 
methods vary and manufacturers' instructions should 
be consulted (see also A.I 3). 

Equal care shall be taken with one of the detector 
support points P as described in 5.212.13. 



Telescope 



Sighting device 
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Figure 16 
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Figure 17 



Figure 18 
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5.212.2 
angles 



Methods based on the measurement of 



P„ of the 



In these methods a moving element is in contact with 
the line to be checked at two points P and Q separ- 
ated by a distance d (see figure 19). The moving 
element is displaced in such a way that in two suc- 
cessive positions PqQo and PiQi, Pi is coincident 
with Qq. With an instrument placed in a plane per- 
pendicular to the surface containing the line to be 
checked, the angles <xq and a^ of the moving element 
relative to a reference of measurement are measured. 

NOTE 5 The part between the feet of moving elements is 
not checked by this method. This check can be carried out 
by a straightedge of appropriate length. 




Reference of measurement 
Rgure 19 

Results are processed as follows (see figure 20). The 
following parameters are plotted graphically with 
appropriate scales: 

— in abscissae, the feet distances d corresponding 
to the checking line, 

— in ordinates, the relative differences of level with 
respect to the reference of measurement. The 
relative level difference is calculated as follows; 

E/j( +1 = d tan ofj 



The various points Pq, Pi, P2 ... P,- 

checked line can be located with the desired scale 

magnification. 



The representative line is defined from the line itself, 
e.g. by the extremes Pq P„ (see 5.21 1 .1). 

The straightness deviation is defined as above 
(5.212.1) by the distance along the YY axis between 
two, straight lines parallel to the representative line 
touching the curve at its higher and lower points. 

NOTES 

6 The supports P and of the moving element should be 
of sufficient area to minimize the effect of minor surface 
imperfections. It is necessary to prepare the supports very 
carefully and clean the surface in order to minimize devi- 
ations which can influence the overall curve. 

7 These methods can also be applied over long distances 
but in this case the d value should be chosen so that a 
large number of readings and cumulative errors can be 
avoided. 



5^12.21 Precision level method 

The measurement instrument is a precision level (see 
A.6) which is positioned successively along the line to 
be checked as explained in 5.21 2.2. The reference of 
measurement is the horizontal level of the instrument 
which measures small angles in the vertical plane (see 
figure 19). 

If the line to be measured is not horizontal, the level is 
mounted on a suitably angled support block (see 
figure 21). 




Representative Une 
-Stralgtitness deviationj 

Figure 20 



Reference of measurement 



Guiding stralgtitedge 




Rgure 21 
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While checking line AB, the level together with its 
support should keep a constant orientation [e.g. by 
means of a guiding straightedge (see figure 21)1. 

NOTE 8 The level permits checking the straightness only 
in the vertical plane; for the checking of a line in a second 
plane another method should be used (e.g. taut-wire and 
microscope). 

5^12.22 Autocollimation method 

In this method, using an autocollimator mounted 
coaxially (see figure 22), any rotation of the .movable 
mirror M around a horizontal axis entails a vertical 
displacement of the image of the reticle in the focal 
plane. The measurement of this displacement, which 
is made with the ocular micrometer, permits the 
angular deviation of the mirror holder to be deter- 
mined (see also A. 11). 

The measuring reference is composed of the optical 
axis of the telescope as defined by the centre of the 
reticle. 

NOTES 

9 By rotating the ocular micrometer through 90", the 
rotation angle of the movable mirror M around a vertical 



axis can also be measured. Instruments which are capable 
of measuring both angles simultaneously are available. 

10 This method is especially suited to longer lengths 
because, in contrast to the alignment telescope, it is less 
influenced by variations in the index of refraction of air due 
to the double course of the light beam. 

1 1 in this method, the autocollimator should preferably be 
mounted on the component on which the line is to be 
checked. 



5.212.23 Method by laser interferometer (angle 
measurement) (see figure 23) 

In this method the interferometer should be rigidly 
fixed to the same component on which the line is to 
be checked. 

This method is especially suited to critical measure- 
ments because it is less influenced by variations in 
the index of refraction of the air. 

The reference of measurement is constituted by two 
parallel beams f-\ and F2 issuing from the interfer- 
ometer. 



Movable mirror 




Autocollimator 



Rgure 22 
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5.213 Tolerance 
5.213.1 Definition 

The tolerance f is limited in the measuring plane by 
two straight lines separated by distance t and parallel 
to the representative line AB (see figure 24). The 
maximum deviation indicated is MN. 

The range of measurement, i.e. .he length to be 
checked, and possibly the position of the tolerance in 
relation to the representative straight line (or plane) 
defined above, should be stated (concave or convex 
only). 

In most cases, parts close to the ends, which usually 
have local deviations of no great importance, may be 
neglected. 
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Rgure 24 

5.213.2 Determination of tolerance 

A minimum tolerance T\ is specified for any measur- 
ing length L smaller than or equal to Li (see figure 25): 

A maximum tolerance T2 is specified for any measur- 
ing length L greater than or equal to L2. 

For any intermediate measuring length (between Ly 
and L2) the tolerance T{i,) is calculated by a pro- 
portional method: 



L«Li 

Li < L < L2 



— > 






5.22 Straightness of connponents 



5.221 Definition 

The conditions for the straightness of a component 
are the same as those for a line (see 5.21 1 ). 



5.222 Methods of straightness measurement 

Measurement techniques are as for straightness of a 
line (see 5.212). 



5.222.1 Reference grooves or reference surface of 
tables 

In the case of a direct deviation measurement, the 
instrument shall read deviations in the normal plane of 
the line through the points P or Q with h kept to a 
minimum (see figure 26). 



See fig. 2? 




^^^^(L-Li) 



L2-L1 



Reference surface 
Rgure 26 

In the case of angular deviation measurements, the 
distance d defines the measuring-point spacing (see 
figure 27). 

The moving element shall lie flat on the table (resting 
preferably on three localized surfaces Si, S2, S3) and 
include two functional bearing surfaces P and Q on 
the line to be checked (see figure 27). 




Measuring Length, L 

Rgure 25 




Rgure 27 
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Straightness deviations of more complex reference 
surfaces (see figure 28) are measured in the func- 
tional planes of the slideway (lines HH and W} and 
not square to the reference plane. 




Reference surfaces 
Figure 28 

52222. Slideways 

Guiding is ensured by slideways or by more complex 
devices which cannot be dismantled without destroy- 
ing the machine geometry. The checlcing of slideways 
involves the measurement of straightness and should 
only be carried out if the component is accessible. 
More complex slideways must be checked as part of 
the measurement of the straight-line motion of the 
moving component (see 5.23). 

The deviation of straightness should always be 
checked in the functional plane. Generally, this can be 
regarded as either horizontal (figure 29 line AA} or 
vertical (figure 29 line BB) although exceptions may 
occur with certain machine configurations (see fig- 
ure 36). 

It must be noted that the longitudinal shape of a 
slideway is not necessarily straight, as it may present 
in the functional plane a special form specified by the 
manufacturer. 

The guiding surfaces may be composed of the follow- 
ing: 

a) one plane or several small sections joined 
together; 

b) several narrow plane sections, cylindrical slide- 
ways or an assembly of the two. 




Figure 29 

5.??? .21 Vee surfaces 

The moving body should bear on the surfaces at four 
contact points. It shall also be supported by an ad- 



ditional point on a different surface of the slideway for 
stability. 

Figures 30 and 31 show the use of a recessed cylin- 
der, and figure 29 an inverted recessed vee. 

NOTE 12 The additional support point should not exert a 
positioning force on the moving component. 




Loose ball 
Figure 30 





Figure 31 

5.222.22 Cylindrical surfaces 

The moving body on four pads should rest on the 
cylinder. This is in the form of an inverted vee (see 
figures 32 and 33). 

The same precaution shall be taken as above regard- 
ing the additional support of the block. 




■ Additional support point 
Figure 32 
P 




• Additional support point 

Figure 33 



14 



IS 2063 {Part 1): 2002 
ISO 230-1 : 1996 



5:222.23 Single vertical surfa(^s 

The moving body makes contact by two points, P and 
Q, on the surface to be measured. Three additional 
support points are required to guide the moving body. 
These should be chosen to ensure guiding without 
influencing the positioning of the two operational 
contact points (see figures 34 and 35). 

NOTE 13 When the deviations a; a being measured di- 
rectly, the instrument should take measurements on the 
plane normal to the surface and through one of the contact 
points, and when measuring angular deviations, the dis- 
tance d defines the measurement pitch. 




- Addttional support points 
Hgure 35 

5.222.24 Slant-bed configuration (see figure 36) 

•In this case, the functional plane of the moving el- 
ement is at an angle to the horizontal plane. 

The deviation of straightness is measured in this func- 
tional plane (line AB) and a plane that is normal to it. 



Functional plane 




5.222.3 Tolerances 

See 5.213. 

5.23 Straight-line motion 

Tests for the straight-line motion of a component of a 
machine tool are required not only to ensure that the 
machine will produce a straight or a flat workpiece but 
also because the position accuracy of a point on the 
workpiece is related to the straight-line motion. 

5.231 Definitions (see figure 37) 

The straight-line motion of a moving component 
always involves six elements of deviation: 

a) one positional deviation in the direction of motion; 

b) two linear deviations of the trajectory of a point on 
the moving component; 

c) three angular deviations of a moving component. 




Deviation by Z-direction motion 



EXZ: Linear deviation 
EYZ: Linear deviation 
EZZ: Positional deviation 



EAZ: Pitch 
EBZ: Yaw 
ECZ: Roll 

Figure 37 



I Angular 
j deviation 



Figure 36 



5.231,1 Positional deviations 

Positional deviations are dealt with in 2.322.1 and 
ISO 230-2. 

5^1.2 Linear deviations 

Linear deviation of straight-iine motion is defined by 
the straightness of the trajectory of the functional 
point or the representative point of a moving com- 
ponent. The functional poirit is the position of the tool 
when a moving component carries the tool. When a 
moving component carries the workpiece, the centre 
of the table may be regarded as the representative 
point. 
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5.231.3 Angular deviations 

Whenever a component is moved, it is involved in 
angular deviations. These angular deviations are called 
roll, pitch and yaw, as shown in figure 37. 

All of these deviations will affect straight-line motion. 
When measuring the straight-line motion of the trajec- 
tory of a representative point, the measured results 
include all of the effects of angular deviations, but the 
effects of these. angular deviations are different when 
the position of a point of the moving component is 
different from the representative point, and a separate 
measurement must be made. The value of each 
angular deviation is the maximum angle turned 
through during a complete traverse of the moving 
component. 



5.232.13 Method using an alignment telescope (see 
5.212.13) 

When using an alignment telescope, the reticle is 
connected to the reference line, the target is connec- 
ted to the tool post and its centre is situated as near 
to the active zone of the tool as possible (see A. 10). 

5.232.14 Method using a laser (see 5.212.14 and 
5.212.15) 

When using a laser (direct measurement using a 
straightness interferometer), the devices defining the 
measuring reference must be firmly fixed to the 
component chosen as reference. The moving element 
is fixed to the tool holder and its centre is situated as 
near as possible to the active zone of the tool (see 
A.13). 



5.232 Methods of measurement 



5.232.1 Methods of measurement of linear 
deviations 

To plot the trajectory of a functional point of a moving 
component, the following methods are used. 



5.232. 1 1 Method with a straightedge and a dial 

gauge (see 5.212.1 12) 

When using a straightedge and a dial gauge, it is usual 
to fix the straightedge to the component used as a 
reference (work tables of milling machines, machining 
centres, grinding machines, the bed of a lathe, etc.). 
The dial gauge is connected to the tool location point 
with its stylus situated as near as possible to the 
active zone of the tool (see A.2 and A.7). 



a.232.12 Method with microscope and taut-wire 

(see 5.21 2 12) 

This is the same situation as a straightedge and dial 
gauge, with the taut-wire representing the straight- 
edge and the microscope representing the dial gauge 
(see A.9). 



5.232.15 Method using angle measurements (see 
5.212.2 and 5.232.2) 

This method is not recommended for the checking of 
linear deviations. For checking slideway straightness, 
the moving element has two feet, P and Q, which are 
d apart (see figure 1 9) and the slideway is checked 
successively in increments of d. 

In this case, the moving component, in general, has 
no such feet and contacts the surface over its full 
length. 

The results obtained may be somewhat different from 
the true trajectory. Assuming the surface is smooth 
and the moving component moves as the envelope of 
the surface, linear deviation can be assumed by the 
process shown in figure 38. 

At the fth measuring point, the angular deviation is d,. 
Assume 0,- is effective from the midpoint of i ~1 and i 
to i and i + ^. When an apparent change in d occurs, 
the distance of measurement shall be changed there. 

5.232.2 Methods of measurement of angular 
deviation 

When the movement is in a horizontal plane, a pre- 
cision level can measure the pitch and roll, whereas 
an autocollimator and laser can measure the pitch and 
yaw. 




Linear deviation 

Points of measurement 
6 7 



Figure 38 
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5.232.21 Method using a precision level (see 5.21 2.2) 

When using a precision level, the instrument is fixed 
to the moving component. The component is moved 
incrementally and the level readings are recorded 
after each move. 

5.232.22 Method using an autocollimator (see 
5.212.22) 

When using an autocollimator, the mirror is mounted 
on the moving component and the autocollimator on 
the reference line. 

5.232.23 Method using a laser (see 5.21 2.23) 

When using a laser, the remote interferometer and 
beam bender can be fixed on the reference line and 
the laser reflectors mounted on the moving com- 
ponent or vice versa. 

5.233 Tolerance 

5.233.1 Tolerance for the linear deviation of straight- 
line motion 

Tolerance defines the permissible deviation of the 
straight-line motion of the trajectory of a functional or 
representative point in relation to the representative 
line (general direction of the trajectory); the tolerances 
of the two linear deviations may be different. 

5.233.2 Tolerance for the angular deviation of 
straight-line motion 

Tolerance defines the permissible angular deviation of 
the straight-line motion of the component. 

Tolerance of angular deviation may be different for the 
three components of pitch, roll and yaw. 



5.3 Flatness 
5.31 Definition 

A surface is deemed to be flat within a given range of 
measurement when all the points are contained 
within two planes parallel to the general direction of 
the plane and separated by a given value. 

The general direction of the plane or representative 
plane is defined so as to minimize the flatness devi- 
ation, i.e., conventionally, either: 

— by three points conveniently chosen in the plane 
to be tested (usually the part very near to the 
edge, having minor local defects, can be dis- 
regarded) 

or 

— on a plane calculated from the plotted points by 
the least squares method. 



5.32 Methods of measurement 

5.321 Measurement of flatness by means of a 
surface plate 

In measurement by means of a surface plate, the 
plate is covered by jeweller's rouge or by chromium 
oxide diluted in light oil. The surface plate covered in 
this way is laid upon the surface to be measured. A 
slight to-and-fro motion is applied. The plate is re- 
moved and the distribution of the contact points per 
surface unit is noted. This distribution should be 
uniform over the whole area of the surface and should 
be equal to a given value. The method is applied only 
to smaller-sized surfaces which present a relatively 
fine finish (scraped or ground surfaces). 

5.321 .1 Measurement by means of a surf ace plate 
and a dial gauge 

The measuring equipment consists of a surface plate 
and a dial gauge held in a support with a ground base 
which moves on the surface plate. 

There are two measuring configurations: 

a) the component to be measured is placed on the 
surface plate (the dimensions of the surface plate 
and the shape of the dial gauge support must be 
large enough to enable all the surface to be 
measured) (see figure 39). 



Flatness to be measured 




b) 



-Surface plate (Reference of measurement) 
Figure 39 

the surface plate is placed facing the surface to be 
measured. In this case, testing is possible with a 
surface plate whose dimensions are similar to that 
of the surface to be measured (see figure 40). 

Flatness to be measured - 




-Surface plate (Reference of measurement) 
Rgure 40 
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A pattern of squares is established to determine the 
locations of the measuring points. 

False readings due to surface defects may be avoided 
by: 

a) using a dial gauge with a slightly rounded stylus 
which is not affected by roughness; 

b) placing a small ground block with parallel faces 
between the surface to be measured and the 
stylus of the dial gauge to absorb the surface de- 
fects (scraped surfaces, planed surfaces, etc.). 

NOTE 14 In the first arrangement (figure 39) the position 
of the dial gauge is influenced by the variation in the slope 
on the surface of the surface plate. This method should be 
reserved for highly accurate surface plates. It is not poss- 
ible to take into account the defects of the surface plate; 
this method is reserved for small parts. 

In the second arrangement (figure 40), where measure- 
ment is carried out by a dial gauge holder set perpen- 
dicularly to the surface p|ate, it is possible to take into 
account the defects of the surface plate while processing 
the results. 



5.32Z Measurement of flatness by means of 
straightecige(s) 

5.322.1 Measurement by means of a family of 
Maight lines by displacement of a straightedge 

The theoretical plane on which the reference points 
will be located is first determined. For this purpose, 
three points, a, b and c. on the surface to be tested 
are selected as zero marks (see figure 41). Three 
gauge blocks of equal thickness are then placed on 
these three points, so that the upper surfaces of the 
blocks define the reference plane to which the sur- 
face is compared. 



m 
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Figure 41 

A fourth point d lying in the reference plane is then 
selected in the following manner: using gauge blocks 
which are adjustable for height, a straightedge is 
placed on a and c and an adjustable block is set at a 
point e on the surface and brought into contact with 
the lower surface of the straightedge. The upper 
surfaces of the b'ocks a, b, c, e are therefore all in the 
same plane. 



The deviation of point d is then found by placing the 
straightedge on points b and e; an adjustable block is 
placed at point d and its upper face brought into the 
plane defined by the upper surfaces of the blocks 
already in position. 

By placing the straightedge on a and d and then on b 
and c, the deviations of all the intermediate points on 
the surface lying between a and d and between b and 
c may be found. The deviations of the points lying 
between a and b, c and d may be found in the same 
way. (Any necessary allowance for sag in the straight- 
edge should be made.) 

To obtain readings inside the rectangle or square thus 
defined, it will only be necessan/ to place at points f 
and g, for example, the deviations of which will then 
be known, gauge blocks adjusted to the correct 
height. The straightedge is placed on these, and with 
the aid of the gauge blocks, the deviation between 
the surface and the straightedge can be measured. It 
is possible to use an instrument for the measurement 
of straightness, as shown for example in figure 12. 

5.322.2 Measurement by means of straightedges, a 
precision level and a dial gauge (see figure 42) 

In this method the reference of measurement is 
provided by two straightedges which are placed 
parallel by means of a precision level (see A.6). 

Two straightedges R-j and R2, mounted on rests a, b, 
c, d of which three are the same height and one is 
adjustable, are set up so that their upper rectilinear 
surfaces are parallel by using a precision level. The 
two straight lines Ri and R2 are thus coplanar. One 
reference straightedge R placed on Ri and R2 on top 
of any line fg of the square pattern enables the devi- 
ations to be read by means of a reading instrument G 
(or by means of standard gauge blocks). 

The straightedges Ri and R2 shall be sufficiently rigid 
so that the deflection due to the weight of the refer- 
ence straightedge is negligible. 




Figure 42 

A reference of measurement is established and 
deviations from the reference of measurement are 
measured and plotted. Plotting may be carried out at 
different points following a regular pattern of squares, 
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see figure 43, covering all the surface of the plane to 
be measured. The choice for spacing the points is 
independent of the instruments used. 



Representative plane 




-Reference of measurement 

Figure 43 

5.323 Measurement of flatness by means of a 
precision level 

This is the only method known at present which 
enables a constant direction of measuring reference 
(horizontal) to be maintained while the instrument is 
moved from position to position. 

Straightness measurement of a line using the angular 
deviation method (5.212.2) is the basis of this 
measurement. 

5.323.1 Measurement of a rectangular surface 

The reference plane is determined by two straight 
lines OmX and OCY, where 0, m and O' are three 
points on the surface to be checked (see figure 44). 
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Figure 44 

The lines OX and OY are chosen preferably at right 
angles and if possible parallel to the sides outlining 
the surface to be measured. Measurement begins in 
one of the corners O of the surface and in the direc- 



tion OX. The profile for each line OA and OC is deter- 
mined by the method indicated in 5.212.21. The 
profile of the longitudinal lines O'A', 0" A" and CB is 
determined so as to cover the whole surface. 

Supplementary measurements may be made follow- 
ing mM, m'M', etc., to confirm the previous measure- 
ments. 

When the width of the surface to be measured is not 
disproportionate to its length, it is desirable, as a 
cross-check, also to take measurements along diag- 
onals. 

Interpretation of measured results (see figures 45 
and 46). 

From the results of measuring lines Omm'A and 
OO'OX, using the process shown in figure 20, draw 
a topographical plotting of Omm'A and 00'0"C. For 
plotting of lines O'A', CA" and CB the starting points 
shall be 0', O" and C. In the case of figure 45, all the 
plottings are very ne^r to the measuring reference 
and this plane may be said to be a representative 
plane, but in the case of figure 46 representative lines 
of Omm'A and 00'0''C are in the directions OX' and 
OY', In such a case, the representative plane will 
probably be the plane containing OX' and OY', i.e. 
plane OABC. 




Rgure 46 

5.323.2 Measurement of plane surfaces with circular 
contours 

Large plane surfaces which have circular contours do. 
not lend themselves to an orthogonal, square pattern. 
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which leaves certain parts unchecked. Therefore, it is 
preferable to carry out the survey using peripheral 
circles and diameters (see figure 47). 




NOTE 1 5 For small surfaces, flatness measurements are 
carried out in a simplified way by measuring tiie straight- 
ness: 

— of two perpendicular diameters; 

— of the sides of the square joining extreme points (see 
figure 48). 




Figure 48 



a) Circular verification 

A precision level is placed on an isostatic support 
A and nnoved at regular inten/als around the per- 
iphery of the plate. 

b) Diannetrical verification 

This is carried out using any method of measuring 
the straightness of a tine (see 5.21). 

5.324 Measurement of flatness by optical methods 

5.324.1 Measurement by an autocollimator 

Straight lines OX and OY defining the reference plane 
are determined by the optical axis of the autocol- 
limator in two positions and, if possible, at 90° to each 
other. The method given in 5.212.22 is then followed. 

The reference plane of measurement is determined 
by the directions of the optical axes of the autocol- 
limator OX and OY. Thus, for the measurements of 
O'A', 0"A" and CB, the optical axis of the autocol- 
limator shall be parallel to OX (see figure 44). 

5.324.2 Measurement by a sweep optical square 

Alternatively, a sweep optical square (pentagonal 
prism) is used. The reference plane is established by 
the centres of the three datum targets (A, B and C) 
placed at the periphery of the surface (see figure 4,9). 
The square is aligned so that the telescope optical 
axis is perpendicular to the reference plane and a 
fourth target is used to measure the position of any 
point on the surface (see A.I 2). 



Fourth target 




Sweep optical square 



Rgure 49 
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5.324.3 Measurement by an alignment laser 

In this method, a scanning nnodule is used in associ- 
ation with an alignnnent laser to define a plane of ref- 
erence for the measurennent with the aid of various 
coplanar rectilinear references (see figure 50 and A.13). 

5.324.4 Measurement by a laser measuring system 

The topography of a surface is reconstituted from the 
examination of the straightness of different lines by 
measuring angular deviations (see A.13). 



A typical sequence of measurement is shown in 
figure 51, where lines 1 to 8 are illustrated diagramati- 
cally. 

Successively, lines 1 to 8 are checked. The resulting 
readings analysed by data processing give a plot of 
surface-plate flatness in isometric form (see fig- 
ure 52). 

NOTE 16 The laser beam is horizontally adjusted in the de- 
sired direction by adjusting the turning mirror. This however 
may affect the vertical direction of the laser beam. 



Laser telescope 



4-quadrant photodiode 
(movable part) 




Figure 50 



Second turning mirror 



Remote interferometer 
and beam bender 



Laser-head 



Reflector mount 
(with reflectors) 




Isometric plot 



Rgure 52 
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5.325 Measurement by a coordinate measuring 
machine 

Surface flatness can be measured by a coordinate 
measuring machine (CMM). A reference plane may be 
established from the CMM software according to 5.31 
and out-of-flstness from this plane is determined (see 
figure 43). 

5.33 Tolerances 

The tolerance zone of the flatness is limited by two 
planes, distant by t, parallel to the general direction of 
the plane (representative plane). 

The range of measurement and the position of the 
tolerance in relation to the representative plane should 
be specified. 

Tolerances of flatness are indicated as follows. 

— Tolerance of flatness: . . . mm when, between the 
ends, concavities and convexities of surfaces are 
allowed. 

— Concave (or convex) to: . . . mm when, between 
the ends, only concavities (or convexities) of sur- 
face are allowed. 

— Local tolerance: . . . mm for . . . mm x . . . mm 
when it is specified and both concavities and con- 
vexities are allowed. 

Further tolerance in this case should be known as 
"local tolerance". 

NOTE 1 7 The results of the check may be affected by the 
condition of the contact surface of the instrument stylus. 
When deemed necessary, the condition of this contact 
surface may be specified. 



5.4 PsrsUelism, equidistance and coincidence 

These measurements address the following features: 

— parallelism of lines and planes, see 5.41 ; 

— parallelism of motion, see 5.42; 

— equidistance, see 5.43; 

— coaxiality, coincidence or alignment, see 5.44. 

5.41 Parallelism of lines and planes 

5.41 1 Definitions 

A line is deemed to be parallel to a plane if, when 
measuring the distance of this line from the represen- 
tative line (see 5.211.1) of intersection of the plane 
and the normal plane including the line at a number of 
points., -the maximum difference observed within a 
given range does not exceed a predetermined value. 



Two lines are deemed to be parallel when one of 
these lines is parallel to the two planes passing 
through the representative line of the other line. The 
tolerances of parallelism are not necessarily identical 
in the two planes. 

Two planes are deemed to be parallel when the 
maximum range of distances from the representative 
plane of one of these planes to the other plane, 
measured over the entire surface in at least two 
directions, does not exceed an agreed value over a 
specified length. 

Maximum range means the difference between the 
maximum and the minimum dimensions obtained 
when measuring. 

These differences are measured in given planes 
(horizontal, vertical, perpendicular to the examined 
surface, crossing the examined axes, etc.) within a 
given length (e.g. on 300 mm or over the entire sur- 
face). 

NOTE 18 Parallelism is defined as the difference of 
distance from the representative line (or plane) of a line (or 
plane) to another line or plane. If the line (or plane) selected 
as reference is inverted, the result may be different. 

5.412 Methods of measurement 

5.412.1 General, for axes 

Where measurement of parallelism involves axes, the 
axes themselves shall be represented by cylindrical 
surfaces of high precision of form, suitable surface 
finish and sufficient length. If the surface of the 
spindle does not fulfil these conditions, or if it is an 
internal surface and will not admit a feeler, an auxiliary 
cylindrical surface (test mandrel) is used. 

Fixing and centring of the test mandrel shall be done 
on the end of the shaft or in the cylindrical or conical 
bore designed to take the tool or other attachments. 

When inserting a test mandrel on the spindle axis so 
as to represent an axis of rotation, allowance shall be 
made for the fact that it is impossible to centre the 
mandrel exactly on the axis of rotation. When the 
spindle is rotating, the axis of the mandrel describes a 
hyperboloid (or a conical surface, if the axis of the 
mandrel Intersects the axis of rotation) and gives two 
positions B-B' lying in the plane of test (see figure 53). 




Rgure 53 
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The measurement of parallelism may, under these 
conditions, be effected at any angular orientation of 
the spindle, but should be repeated after rotating the 
spindle through 180°. The algebraic mean of the two 
readings gives the deviation of parallelism in the given 
plane. 

The mandrel may also be brought into the mean 
position A (termed 'mean position of run-out'); the 
measurement should then be effected in this position 
only. 

The first method seems to be as quick as the second, 
and is more accurate. 

NOTE 1 9 The term 'mean position of run-out' is to be 
understood as follows: a gauge stylus is brought into 
contact, in the plane of test, with the cylindrical surface 
representing the axis of rotation. The reading of the 
measuring instrument is observed as the spindle is slowly 
rotated. The spindle is in the mean position of run-out when 
the pointer gives a mean reading between the two ends of 
its stroke. 

5.412,2 Parallelism of two planes 

The following methods can be used to verify the 
parallelism of two planes. The measurements should 
be carried out in two directions, preferably perpen- 
dicular to each other. 

5.412.21 Straightedge and dial gauge 

The dial gauge, mounted on a support with a flat base 
and guided by contact with the straightedge, is moved 
on one plane by the amount specified. The stylus 
slides along the second plane (see figure 54). 
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Guiding straightedge 



Reference plane 
Figure 54 

5;412.22 Precision level method 

The level is supported on a carrier which bridges the 
two planes to be compared. A succession of readings 
is taken along the planes and then the maximum 
difference of reading (angle) gives the angular paral- 
lelism deviation and the reading (angle) multiplied by I 
gives the linear parallelism deviation (see figure 55 
and A.6). 



If it is difficult to bridge the two planes, the carrier is 
not used and readings are taken along each plane with 
the horizontal used as the measuring reference 
(5.212.2). Comparison of the readings at correspond- 
ing positions indicates parallelism. 



Guide block 




Carrier 



Rgure 55 
5.412.3 Parallelism of two axes 

The measurement is made in two planes: 

— in a plane passing through two axes2); 

— then in a second plane perpendicular, If possible, 
to the first. 

5.412.31 Plane passing through two axes^) 

The measuring instrument is held on a support with a 
base of suitable shape, so that it slides along a cylin- 
der representing one of the two axes; the stylus 
slides along the cylinder representing the second axis. 

To determine the minimum reading between the axes 
at any point, the instrument shall be gently rocked in a 
direction perpendicular to the axes (see figure 56), If 
necessary, the deflection of the cylinder under the 
weight it will have to support during measurement 
may be taken into consideration. 




Figure 56 

5.412.32 Second plane perpendicular to the first 

This measurement method requires an additional 
plane, if possible parallel to that passing through the 
two axes. 



2) This expression means a plane passing through one of the two axes and as near as possible to the second axis. 
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If this additional plane exists, by virtue of the fact that 
the two axes are parallel to a surface of the nnachine, 
the parallelisnn of each axis, considered separately, 
shall be deternnined in relation to this surface in the 
manner described in 5.412.4. If not. the measurement 
should be made with reference to a theoretical plane 
by means of a 'level with an adjustable glass tube. For 
this purpose, the latter should be placed on the two 
cylinders representing the axes, and the air-bubble set 
to zero. If the two axes are not in the same horizontal 
plane, an auxiliary block, fixed or adjustable, may be 
used (see figures 57 and 58). 





Figure 57 



Figure 58 



The level is moved along the axes by the amount 
specified, and readings taken. The measurement is 
expressed in terms of the distance between the axes. 
If, for example, this distance is 300 mm and the level 
reading is 0,06 mm/1 000 mm, the deviation of paral- 
lelism will be 0,06 x 0,3 = 0,018 mm. 



5.412.4 Parallelism of an axis to a plane 

The measuring instrument is held on a support with a 
flat base and moved along the plane by the specified 
amount. The stylus will slide along the cylinder rep- 
resenting the axis (see figure 59). 




'V///////////////////. y////////A 
Figure 59 

At each point of measurement, the minimum reading 
is found by slightly moving the measuring instrument 
in a direction perpendicular to the axis. 



In the case of a pivoting axis, measurement in the 
mean position and the two extreme positions will be 
sufficient (see figure 60). 

NOTE 20 For the deviation of parallelism of the represen- 
tative cylinder from the axis, see 5.41 2.1 . 




V//////////////////////A 




Figure 60 

5.412.5 Parallelism of an axis to tlie intersection of 
two planes 

The measuring instrument is held on a support with a 
base of suitable shape resting on the two planes. The 
instrument is then moved the specified distance along 
the straight line of intersection, and the stylus will 
slide along the cylinder representing the axis (see 
figure 61). The measurement shall, as far as possible, 
be made in two perpendicular planes chosen as being 
of greatest importance in the operation of the ma- 
chine tool. 

NOTE 21 For the deviation of parallelism of the represen- 
tative cylinder from the axis, see 5.412.1. 




Figure 61 

5.412.6 Parallelism of the intersection of two planes 
to a third plane 

Where the intersection and the third plane are con- 
veniently situated to one another, a mounting block 
and precision level are used (see figure 62). The 
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assembly is moved along the intersection, and 
changes in the angular readings multiplied by / rep- 
resent deviations of parallelism (see 5.41 2,32). 



Precision level 




Location faces 



Figure 62 

If the third plane is not conveniently situated, a 
mounting block and dial gauge are used (see fig- 
ure 63). The stylus is positioned at right angles to the 
third plane and a succession of readings is taken 
along the line of the intersection. 

For other measurement procedures, see 5.412.2. 

The included angle between the location faces of the 
mounting block shall be accurately matched to the 
intersection angle of the two planes. This can be 
verified with a marking agent such as jeweller's 
rouge. 
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Figure 63 

5.412.7 Parallelism between two straight lines, each 
formed by the intersection of two planes 

This measurement may be carried out as in 5.412.5. 
The stylus of the measuring instrument bears on a 
vee-block which will slide along the planes forming 
the second intersection. The measurement shall be 
made in two planes perpendicular to one another (see 
figure 64). 




This method requires very rigid mounting of the 
measuring Instrument, a condition which can be 
observed only in the case of two straight lines close 
to each other. As a rule, a level should be used, at 
least for the measurement of parallelism in a vertical 
plane (see figure 65). 

NOTE 22 If a direct measurement of the planes or straight 
lines concerned is difficult because of interference by com- 
ponents of the machine tool within the field of measure- 
ment, the measurement may be related to a reference 
plane constituted by, for example, a horizontal plane deter- 
mined by a precision level. 





Figure 65 



5.413 Tolerances 



Figure 64 



Tolerance of parallelism of straight lines or plane 
surfaces is given as follows: 

tolerance of parallelism: . . . mm. 

If the parallelism is to be measured only for a given 
length, this length shall be indicated, e.g.: 

0,02 mm for any measuring length of 300 mm. 

As a rule, the direction of- the deviation is not im- 
portant; however, if the deviation of parallelism is to 
be allowed only in one direction, the direction shall be 
indicated, e.g.: 

free end of the spindle in an upward direction only 
(relative to the table surface). 

It should be remembered that the tolerance on paral- 
lelism includes the tolerance of form of corresponding 
lines and surfaces, and the results of a measurement 
depend on the stylus surface which should, when 
required, be stated. 



5.42 Parallelism of motion 

5.421 Definition 

The term 'parallelism of motion' refers to the position 
of the trajectory of the functional point (see 5.231.2) 
of a moving part of the machine in relation to: 

— a plane (support or slideway); 

— a straight line (axis, intersection of planes); 

— a trajectory of a point on another moving com- 
ponent of the machine. 
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5.422 Methods of measurement 



5.422.1 General 

Methods of measurement are usually identical with 
those used for the measurements of parallelism of 
lines and planes. 

The moving component shall, as far as possible, be 
driven in the usual way, so as to allow for the effect 
of clearance and defects in slideways. 




5.422.2 Parallelism between a trajectory and a plane 



Figure 67 



5.422.21 Plane is on the moving component itself 

The dial gauge is attached to a fixed component of the 
machine, and the stylus bears at right angles to the 
surface to be measured. The moving component 
should be moved by the amount stated (see 
figure 66). 

This type of measurement is typically applied on 
milling and grinding machines where the workpiece is 
mounted on a worktable. 

The dial gauge is mounted in the spindle nose, as 
shown in figure 66, and the table traversed. The 
resulting readings will reflect the accuracy (with 
respect to parallelism) to be expected in the finished 
workpiece. 



SUp (optional) 



Machine table 




Figure 66 

5.422.22 Plane is not on the moving component 
itself 

The measuring instrument is attached to the moving 
component and moved with it by the amount stated; 
the stylus is at right angles to the surface and slides 
along it (see figure 67). 

If the stylus cannot bear directly on the suiiace 
(e.g. the edge of a narrow groove), two alternative 
methods may be used: 

— use of angle lever attachments (see figure 68); 

— use of a piece of suitable shape (see figure 69). 





Rgure 68 



Figure 69 



5.422.3 Parallelism of a trajectory to an axis 

The measuring instrument is fixed to the moving 
component and is moved with it by the stated 
amount. The stylus slides over the cylinder or mandrel 
representing the axis (see figure 70). 

Where there is a rotating axis, the mean position 
should be used (see 5.412.1). 

Unless all planes are of equal importance, the 
measurement shaJI be made, if possible, in two per- 
pendicular planes selected as being those most 
important for the practical use of the machine. 




Figure 70 
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tween a plane passing through the axes and a refer- 
ence plane. 



as that of the fixed axis, in relation to the auxiliary 
plane. 
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NOTE 23 When either a horizontal or oblique auxiliary 
plane is used, it is recommended that the dial gauge be set 
in its original place to ensure that no abnormal displace- 
ment has taken place when pivoting. 



5.433 Tolerance 

The permitted difference of distance should not be 
preceded by a sign and shall be generally valid in all 
directions parallel to the reference plane. 

If the difference is permissible in one direction only, 
the direction shall be specified, e.g.: 



axis 1 higher than axis 2 



5. 44 Coaxia lity, coincidence or align ment ^l 



5.441 Definition 

Two lines or two axes are said to be coaxial, coinci- 
dent or in alignment when their relative distance over 
a given length does not exceed a given value. The 
distance measured may be located either on the 
actual lines or on their extension. 



5.442 Method of measurement 

The measuring instrument is attached to an arm and 
rotates through 360" about an axis. The stylus of the 
measuring instrument passes in a given section A 
over the cylinder representing the second axis (see 
figure 74). Any variation in the readings represents 
twice the deviation of coaxiality. As the section 



chosen for measuring may intersect both axes, the 
check shall be made in a second section B. 

If the deviation is to be determined in two specified 
planes (e.g. plaries H and V in figure 74), the variations 
found in those two planes will be separately recorded. 

It is necessary, particularly in the case of horizontal 
axes, to have very, rigid mountings. When high accu- 
racy is required, two measuring instruments offset by 
180° shall be used simultaneously in order to elimin- 
ate the effect of deflection. Alternatively, a support 
shall be used, the deflection of which is negligible 
under a weight double that of the dial gauge used. 
Dial gauges of very light weight shall be used in these 
tests. 

Since the direction of the measurement will vary 
during rotation in relation to the direction of gravity, 
the sensitivity of the measuring instruments to the 
force of gravity shall be taken into account. 

When one of the two axes is an axis of rotation, the 
arm carrying the measuring instrument may be fixed 
to the mandrel representing the axis around which 
rotation will be effected. If the measuring instrument 
is required to rotate around a fixed mandrel, it should 
be mounted on a ring rotating with a minimum 
amount of play. This ring should be of sufficient length 
to ensure that the reading is not affected by the 
clearance in the ring (see figure 75). 

If both axes are axes of rotation, the mandrel to be 
measured may be brought to the mean position of its 
run-out in the measuring plane (see 5.412.1). 
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Figure 74 
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3) The word alignment is sometimes used in practice with the much more general meaning of parallelism. Here it refers only 
to two axes merged in each other or where one axis extends beyond the other. 
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two axes (or two lines) does not matter, the tolerance 
is given as follows: 

tolerance of coaxiality of axis 1 to axis 2 is: . . . nnnn 
over the given length. 

In special cases, an additional indication may be given 
depending on operating conditions, for instance: 

axis 1 only higher than axis 2, 



or 



free end of axis 1 directed only outwards in re- 
lation to axis 2. 

In other cases, it may be useful to insert, in addition to 
the tolerance on coaxiality, a further tolerance on 
parallelism between the two axes <see figure 76). 

a) Tolerance of coaxiality of axis 1 to axis 2 is: T mm 
over the given length. 

b) Tolerance of parallelism between axis 1 and axis 2 
is: T mm over the given length (T < T). 



Axis 1 




Figure 76 



6.5 Squareness or perpendicularity 

Squareness and perpendicularity are generally used 
with the same meaning, 

Squareness and perpendicularity measurements ad- 
dress the following points: 

— squareness of straight lines and planes, see 5.51 ; 

— perpendicularity of motion, see 5.52. 

5.51 Squareness of straight lines and planes 

5.511 Definition 

Two planes, two straight lines, or a straight line and a 
plane are said to be perpendicular when the deviation 
of parallelism in relation to a standard square does not 
exceed a given value. The reference square may be a 
meuological square or a right-angle level, or may 
consist of kinematic planes or lines. 



The measurement of squareness is, in practice, the 
measurement of parallelism. The following general 
statements apply. 

For an axis of rotation, the following method may be 
used. An arm carrying a dial gauge is attached to the 
spindle, and the stylus of the gauge adjusted parallel 
to the axis of rotation. As the spindle revolves, the dial 
gauge describes a circumference, the plane of which 
is perpendicular to the axis of rotation. The deviation 
of parallelism between the plane of the circumference 
and the plane may be measured by sweeping the 
plane to be checked by means of the stylus of the dial 
gauge. 

This deviation is expressed in relation to the diameter 
of the circle of rotation of the instrument (see fig- 
ure 77). 

a) If no test plane is specified, the dial gauge is 
rotated through 360° and the largest variation in 
the readings of the instrument taken. 

b) If test planes are specified (e.g. planes I and II). 
the difference of the reading in the two positions 
of the dial gauge, 180' apart, should be noted for 
each of these planes. 



A, 



/////////////'///'///'y'/////////////// 




Figure 77 

In order to eliminate the effect of periodic axial slip 
(see 5.621.2) of the spindle, which may make the 
measurement inaccurate, a fixture with two equal 
arms may be used to carry two measuring instru- 
ments, offset by 180°, and the mean of their readings 
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taken, provided ihe dial gauges are zeroed in the 
same contact point. 

The test nnay also be verified with only one dial gauge. 
After the first .test, the instnj.nent is moved through 
180° relative tq the spindle and the test repeated. 

Finally, the minimum axial play shall, if necessary, be 
eliminated by means of a suitable axial pressure (see 
5.621.1). 

5.5122 Two planes at 90" to each other 

A cylindrical square is set on one of the planes (see 
figure 78). The dial gauge is moved along the other 
plane and readings taken at regular intervals. The 
cylindrical square is then rotated through 180° and a 
second set of readings is taken. An average value is 
then obtained from the two sets of readings. 
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5.512.3 Two axes at 90" to each other 

5.512.31 The two axes are fixed axes 

A square with a suitable base is placed on the cylinder 
representing one of the two axes (see figure 79). 
Parallelism between the free arm and the second axis 
is measured by the method described in connection 
with the nieasurement of parallelism (see 5.412.4). 




Rgure 79 

5.512.32 One of the axes Is an axis of rotation 

A dial gauge is attached to an arm fitted to the man- 
drel representing the axis of rotation and is brought 
into contact with two points A and B on the cylinder 
representing the other axis (see figure 80). Change in 
the readings is expressed in relation to distance AB. 



If the second axis is also an axis of rotation, the 
cylinder representing it is brought into the mean 
position of the run-out in the plane of measurement, 
according to the mqtbod described in connection with 
the measurement of parallelism (see 5.412.1). 
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5.512.4 An axis and a plane at 90" to eaeh other 

5.512.41 Rxedaxis 

A square with a suitable base is brought into contact 
with the cylinder representing the axis (see figure 81). 

Parallelism of the free arm to the plane is measured in 
two perpendicular directions by the method given in 
connection with the measurement of parallelism (see 
5.412.2). 

5.512.42 Axis of rotation 

A dial gauge is attached to an arm fixed on the 
spindle, and the operation is as given in 5.512.1 . 

5.512.5 An axis at 90" to the intersection of two 
planes 

5.512.51 Rxedaxis 

A square with a suitable base is brought into contact 
with the cylinder representing the axis (see figure 82). 
Parallelism between its free arm and the intersection 
is measured by the method proposed in connection 
with the measurement of parallelism (see 5.412). 




Rgure 81 



Rgure 82 
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5.512.52 Axis of rotation 

A dial gauge is attached to an arm held on the spindle, 
the stylus being against a block which rests on the 
two intersecting planes' surfaces. The spindle is given 
half a turn and the vee-block nrioved to bring the 
stylus into contact with the same point on the block 
(see figure 83). 




Rgure83 

5.512.6 When the intersection of two planes is at 
90° to another plane 

A square (see figure 84) or a dial gauge (see fig- 
ures 85 and 86), as appropriate, is fitted with a suit- 
able base, allowing it to rest on the intersecting 
planes. 




Rgure84 
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Parallelism between its free arm and the third plane or 
the intersection may be measured by the method 
described in connection with the measurement of 
parallelism {see 5.412.2 or 5.412.6). The measure- 
ment shall be made as far as possible in two perpen- 
dicular planes (see figures 85 and 86). 



5.512.7 When two straight lines, each formed by the 
intersection of two planes, are at 90** to each other 

A square with a suitable base is placed on one of the 
intersections. The parallelism of the free arm to the 
second straight line of intersection is checked by the 
method described in connection with the measure- 
ment of parallelism (see 5.41 2.6). 

NOTE 24 If direct measurement of the planes and straight 
lines concerned is difficult due to the distance between 
them, or due to interference by machine components, the 
measurement may be made in relation to a reference 
plane, e.g. by the use of a level. 

5.513 Tolerance 

The tolerance of squareness may be given in two 
ways. 

1) When squareness is measured using a ref- 
erence square, the tolerance of squareness is 
given similar to the tolerance of parallelism. 

i.e. Tolerance of squareness: ... mm for any 
measuring length of . . . mm 

2) When squareness referred to an axis is 
measured as the difference of readings on a 
measured diameter. 

i.e. Tolerance of squareness: . . . mm/ . . . mm 

When the deviation of squareness is allowed in only 
one direction, the direction shall be indicated, e.g. free 
end of spindle on the column side only (referred to the 
table surface in the case of a vertical spindle). 



5.52 Perpendicularity of motion 
5.521 Definition 

The term 'perpendicularity of motion' refers, for 
machine tools, to the successive positions on the 
trajectory of a point on a moving part of the machine 
in relation to: 

— a plane (support or slideway); 

^- a straight line (axis or intersection of two planes); 

— the trajectory of a point on another moving part. 




Figure 86 



5.522 Methods of measurement 
5.522.1 General 

The measurement of perpendicular motion becomes a 
measurement of parallelfsm by the use of a square 
suitable for the given conditions (see 5.42). 

The moving part should be driven in the usual way to 
display the effects of play and defects in the slide- 
ways. 
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5.522.2 Perpsndicularity between the trajectory of a 
point and a plane 

A square is placed on the plane {see figure 87), Paral- 
lelism betweep the rnotir>!! and the free arm shall be 
measured in tyvo perpendicular directions, in accord- 
ance with 5.422.22. 



^ 



K 
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Figure 87 

5.522.3 Trajectory of a point at 90° to an axis 

A square, with a suitable base, is placed against the 
cylinder representing the axis (see figure 88). The 
measurement of parallelism between the motion and 
the free arm of the square shall be made in accord- 
ance with 5.422.22. 



7^ 



Figure 88 

If the axis is one of rotation, the mandrel representing 
the axis shall be placed in the mean position of its run- 
out in the measuring plane. In the particular case of a 
lathe headstock spindle capable of taking a face plate, 
a face plate shall be mounted. First, read the dial 
gauge at a point of the face plate which is on the 
diameter parallel to the movement. A second reading 
shall be made at the same point after rotating the 
spindle 180°. The algebraic mean of the two readings 
gives the deviation of squareness over the measured 
length. The axis may also be used as indicated in 
5.512.42, the trajectory being represented by a 
straightedge parallel to the latter. 

5.522.4 Two trajectories perpendicular to each other 

The two trajectories are compared by means of a 
square suitably mounted on gauge blocks and straight- 
edges. An example of the measuring instrumentation 
assembly is shown in figure 89. 



One arm of the square may be lined up exactly to the 
trajectory I by means of a dial gauge, and the trajec- 
tory II measured in accordance with 5.42. 




Figure 89 

The arm of the square may also be set parallel to the 
trajectory I with a greater inclination than the toler- 
ance, so as to allow the dial gauges to work in one 
direction only, eliminating their drag. In the latter case, 
the deviation of perpendicularity shall be equal to the 
difference in the range of readings of the two dial 
gauges for the same range of measurement. 

The deflection of the components caused by the toads 
supported may need to be taken into consideration. 

This measurement may also be carried out by means 
of optical methods (see figure 90). 
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5.523 Tolerance 



Tolerance of perpendicularity of a given motion is the 
permissible variation within a given length (e.g. 
300 mm) of the shortest distance between the trajec- 
tory of a point on a moving component of the machine 
and the free arm of a square. 

For the method of determining the tolerance, see 
5.513. 

5.6 Rotation 

Rotation-related measurements address the following 
points: 

— run-out, see 5,61 ; 

— periodic axial slip, see 5.62; 

— camnr»ing, see 5.63. 
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5.61 Run-out 
5.611 Definitions 
5.611.1 Out-of-round 

Out-of-round is the error of the circular form of a 
component in a plane perpendicular to its axis at a 
given point of the latter. 

For a shaft, the value of the out-of-round is given by 
the difference between the diameter of the circum- 
scribed circle and the smallest measurable diameter 
of the shaft. 

For a hole, it is given by the difference between the 
diameter of the inscribed circle and the largest 
measurable diameter of the hole, each of them 
measured in a plane perpendicular to the axis. 

With ordinary methods of measurement, this defi- 
nition cannot be strictly applied in practice. However, 
when the out-of-round of a component is measured, 
this definition should be kept in mind and the method 
used should b6 chosen so that the results are in as 
close accordance as possible with the definition. 

5.61 1 JZ Eccentricity (see figure 91 ) 

Distance between two parallel axes when one is 
rotating around the other. (Eccentricity is not an error, 
but a dimension subject to tolerances; it should not be 
confused with the defect termed in French 
"excentrement".) 



H 
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Figure 91 
5.61 1 .3 Radial throw of an axis at a given point 

When the geometric axis of a part does not coincide 
with the rotating axis, the distance between these 
two axes is called radial throw (see figure 92). 



5.611.4 Run-out of a component at a given section 

If no account is taken of the out-of-round, the run-out 
is twice the radial throw of the axis in a given section 
(see figure 92). 

In general, the measured run-out is the resultant of: 

— the radial throw of the axis, 

— the out-of-round of the component, and 

— radial error motion of the axis of rotation (the 
errors of bearings). 

It is important to note that in geometric testing of 
machine tools, the radial throw of an axis is measured 
by observing the run-out of a part mounted on the 
axis. In order to avoid any confusion in the minds of 
the personnel in charge of machine testing and to 
eliminate any risk of error, only the term run-out is 
used in this part of ISO 230, and the indicated toler- 
ance to be given has been applied systematically to 
this run-out so that the readings of the measuring 
instruments are not to be divided by two. The pro- 
posed measuring methods take this note into con- 
sideration. 

NOTE 25 With rolling bearings, the rollers and cage rotate 
once for more than two rotations of the shaft and it is 
common for the run-out of a shaft to repeat cyclically every 
several rotations. Run-out should therefore be measured 
over several rotations, but at least two rotations. 

From the metrological point of view, the bearing of a 
cylindrical or conical surface is said to have an axis 
exactly coincident with a rotating axis if, on measuring 
over a given length (after fixing a test mandrel in this 
bearing, if necessary), the run-out at each measuring 
point does not exceed the allowed value. 

5.612 Methods of measurement 

5.612.1 Precautions before testing (see 3.22) 

Before the test is carried out, the spindle shall be 
rotated sufficiently to ensure that the lubrication film 
will not vary during the test and that the temperature 
attained can be considered as the normal running 
temperature of the machine. 



Axis of rotation = u 
Geometrical axis = 



Run-out 




Centre of rotation 
Radial tfirow 
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5.612.2 External surface 

The stylus of a dial gauge is brought into contact with 
the revolving surface to be measured and the read- 
ings of the instrument observed while the spindle is 
slowly rotated (see figure 93). 




In each case, the run-out shall be measured in a 
vertical axial plane and then in a horizontal axial plane 
(positions Ci and C2 in figure 94). 
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C2 



Figure 93 



On a conical surface, the stylus is set at right angles 
to the generating line, and the influence of the taper 
on the results shall be calculated. Furthermore, the 
diameter of the circle being checked will vary if there 
is any axial movement in the spindle during its ro- 
tation. This causes the run-out to appear greater than 
it actually is. Therefore a conical surface shall only be 
used for measuring the run-out if the taper is not 
steep. The axial slip (see 5.621,2) of the spindle is in 
any case measured previously, and its possible effect 
on the measurement is computed according to the 
angle of taper. 

The measured results can be affected by the lateral 
thrust on the stylus of the dial gauge. To avoid errors, 
the stylus shall be strictly aligned with the axis of the 
revolving surface. 



5.612.3 Internal surface 



The above methods require the following comments: 

Steps should be taken to minimize the effect of the 
tangential drag upon the stylus of the measuring in- 
strument. 



When using a test mandrel, the exact shape of the 
bore is not revealed. 

A check of the run-out of the spindle by machining 
and testing a cylindrical workpiece will take into 
account only defects in the bearings of the spindle. 
This practical turning test gives no information on the 
exact shape of the cylindrical or conical bore, or of the 
actual position of the bore in relation to the axis of 
rotation. 

The above methods apply only to spindles with ball 
and roller bearings. Spindles which are automatically 
centred during rotation (e.g. by hydraulic pressure) 
can be tested only when running at normal speed. In 
such a case, instruments involving no contact shall be 
used, e.g. a capacitative pickup, an electromagnetic 
pickup or any other suitable instrument. 



If the dial gauge cannot be used directly on a cylindri- 
cal or tapered bore, a test mandrel is mounted in the 
bore. The projecting cylindrical part of this mandrel 
shall be used for the test, in accordance with the 
previous clause. However, if the test is made at one 
section only of the mandrel, the position of only one 
circle of measurement in relation to the axis would be 
determined. As the axis of the mandrel may cross the 
axis of rotation in the measurement plane, measure- 
ment should be done at two sections A and B which 
are a specified distance apart (see figure 94). 

For instance, one measurement should be made close 
against the housing of the mandrel and another at a 
specified distance from it. Due to potential nesting 
problems when inserting the mandrel into the bore, 
particularly with tapered bores, these operations shall 
be repeated at least four times, the mandrel being 
turned through 90° in relation to the spindle. The 
average of the readings shall be taken. 



5.613 Tolerance 

The tolerance on the run-out is the deviation permiss- 
ible in the trajectories of points at a section of the 
revolving surface. It is not preceded by a sign. It 
includes errors in the shape of the revolving surface, 
the movement and the lack of parallelism of the axis 
of this surface in relation to the axis of rotation (errors 
of position) and the movement of the axis of rotation 
if bearing surfaces or bores are not exactly circular 
(defects in bearings). For surfaces of small dimen- 
sions in the direction of their axis (e.g. a spindle nose 
of a grinding machine), it is sufficient to have one 
measurement plane, but for longer surfaces the 
measurement planes shall be specified. 

When it is desired to specify the measurement of the 
run-out only in a given plane or over a specified 
length, this plane or this length shall be stated. 
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5.62 Periodic axial slip 
5.621 Definitions 

5.621.1 Minimum axial play 

Minimum axial play is the smallest value of possible 
axial movement of a rotating part, measured at rest at 
each of the several positions around its axis (see 
figure 95). 

5.621 .2 Periodic axial slip 

Extent of reciprocating motion along the axis of a 
rotating part v^hen the latter is rotated, eliminating the 
influence of the minimum axial play by axial force P in 
a given direction (see figure 95). 

When the axial slip of a rotating part remains within 
the tolerance zone, this part may be considered as 
fixed in its axial direction. 




J = Maximum axial play 
/ = Minimum axial play 
d = Periodic axial slip 

Hgure 95 

5.622 Methods of measurement 

5.622.1 General 

In order to eliminate the effect of play in thrust bear- 
ings, a slight force shall be applied to the spindle in 
the direction of measurement. The stylus of the dial 
gauge should be applied to the centre of rotation of 
the front face. Readings are taken v\/hile the spindle is 
rotated continuously at slow speed, force being main- 
tained meanwhile in the stated direction. 

if the spindle is hollow, a short mandrel should bo 
fitted with a plane face perpendicular to the axis 
against which a stylus with a rounded contact point 
may bear (see figure 96). Alternatively, a mandrel with 
a rounded face may be used with a stylus having a flat 
contact point (see figure 97). If the spindle has a 
centre, a steel ball should be inserted for a flat contact 
point to bear against (see figure 98). 
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Figure 97 




Figure 98 

5.6222 Applications 

Periodic axial slip may be measured with a device 
which permits a force to be applied along the axis and 
a dial gauge to be placed on the same axis. 

For a lead screw, the axial force can be applied by 
movement of the slide when the nut is connected. 
Horizontal rotating face plates are sufficiently sup- 
ported on the thrust bearings by their own weight. 
However, when using a preloaded thrust bearing, no 
force need be applied to the spindle. 

If it is impossible to place a dial gauge on the axis, the 
value of the axial slip may be obtained by using two 
dial gauges (see figure 99). Readings are taken at 
various angular positions. The axial slip is equal to the 
difference between the largest and smallest mean 
values. 

NOTE 26 If the thrust bearing is of the bail- or roller-type, 
the measurement should be made through at least two 
revolutions. 

Steps should be taken to minimize the effect of the 
tangential drag upon the stylus of the measuring in- 
strument. 



Positton 1 



Axial force 




T4i 




Position 2 



5.623 Tolerance 



Figure 99 



The tolerance on axial slip defines the limit of the axial 
slip of the spindle during slow rotation with a slight 
axial force. The direction of this force should be 
indicated (e.g. 'applying a slight force towards the 
housing'). It may be necessary to make two measure- 
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merits, by applying the force first in one direction and 
then in the opposite direction; in this case, different 
tolerances for the two directions may be stated. 

5.63 Camming 

5.631 Definitions 

Camming of a plane surface rotating around an axis: 

a) Camming of the surface 

Camming is the defect of a plane surface which, 
when rotating around an axis, does not renaain in a 
plane perpendicular to this axis. Camming. is given 
by the distance H separating the two planes per- 
pendicular to the axis, between which the points 
of the surface are moving during the rotation. 

b) Camming of the surface at a distance d from the 
axis 

This is represented by the distance h separating 
two planes perpendicular to this axis, between 
which the portion of surface delineated by a re- 
volving cylinder moves, the diameter of which is 
2d and which has as its axis of symmetry the 
theoretical axis of rotation of the surface. 

Camming is the resultant of various defects of the 
surface and axis of rotation (/ii, h2, /13) (see figures 
100, 101 and 102}: 

a) surface not flat; 

b) surface and axis of rotation not perpendicular; 

c) periodic axial displacement of the axis. 

NOTE 27 When the plane concerned has a geometric axis 
(part A, figure 1 03) which does not coincide with the axis of 
rotation, the resulting radial throw gives camming. This 
defect is due to a lack of perpendicularity of the face to the 
axis of rotation. 



5.632 IVIetliod of measurement 

The checking of camming relates to rotating face 
plates. The object is to verify that all the points in the 
same circle on the front face are in the same plane 
perpendicular to the axis of rotation and that the axial 
position of this plane does not vary during the rotation 
of the spindle. As camming tends to increase the 
farther its distance from the axis of rotation, measure- 
ment shall be done 6n the circumference correspond- 
ing to the points farthest from the axis. 

The dial gauge shall be applied at a given distance A 
from the centre and perpendicular to the face (see 
figure 104), and placed successively at a series of 
points spaced around the periphery. The difference 
between the maxinrvum and minimum readings will be 
noted at each of these points; the greatest difference 
will be the camming. The spindle should make con- 
tinuous revolutions at slow speed, and should receive 
a slight end-force to eliminate the effect of play in the 
thrust bearings. Horizontal face plates are, as already 
indicated (see 5.622.2), sufficiently supported on their 
thrust bearings by their own weight. 

The direction in which a slight force is applied to the 
spindle during the test should be specified (e.g. apply- 
ing slight force towards the housing). 



Various positions of the dial gauge 
A, 




Axial force 
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Figure 100 
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Figure 103 
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NOTE 28 If it is desired to analyse the origin of the cam- 
ming, the defects of the surface and those of the axis 
should be measured separately. The axial displacement of 
the axis should in any event be measured. If the face plate 
has been machined after mounting {i.e. machined on the 
machine tool itself to which the face plate belongs), the dial 
gauge may remain at zero when it takes the place of the 
tool. The setting of the stylus at 180° from this particular 
position will give a camming h, the value of which is double 
the axial displacement. 



5.633 Tolerance 

The tolerance, which is measured in relation to a 
plane perpendicular to the rotating axis, represents 
the maximum permissible deviation at any point of all 
the trajectories of all the points on a given circumfer- 
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ence of the surface to be measured. It includes errors 
of shape of the face, the angle of the latter in relation 
to the axis of rotation, the radial throw and the per- 
iodic axial slip of the spindle. This tolerance does not, 
however, include the mininnum axial play of the rotat- 
ing connponent (see figures 95 and 100 to 102). 



EXAMPLE 

Amplitude MN in interval to 6 of figure 106. 

If all the errors have the same sign in the specified 
interval, the error of division is equal to the largest of 
the absolute values of individual errors. 



6 Special tests 

6.1 Division 

6.11 Definition off errors 

This clause deals with definitions of errors of division 
of graduated scales, gear wheels, dividing plates, 
pitch of driving screws, etc. 

In general, the following errors may be recognized: 

a) individual error of division; 

b) successive error of division; 

c) local error of division; 

d) cumulative error (or steps in a given interval); 

e) total error of division. 

6. 1 1 1 Individual error off division 

The algebraic difference between the actual value and 
the nominal value of division. 

EXAMPLE 

(ab - a'b') for the second division of figure 105 (a 
division is considered here as being the distance 
between two consecutive lines; several divisions form 
an interval). 

6. 1 1 2 Successive error off division 

The actual deviation between two successive divi- 
sions is equal to the algebraic difference of the indi- 
vidual errors of two divisions. 

EXAMPLE 

(ab - a'b') - (be - b'c') = ab - be in figure 105 for 
the second division, relative to the third division. 

6.1 13 Local error of division 

The sum of the magnitudes (absolute values) of the 
two greatest individual positive and negative errors in 
the interval. 



6.114 Cumulative error 

The difference between the sum of k divisions and 
the theoretical nominal value of that sum. The step in 
the series may be determined by calculating the 
algebraic sum of the individual errors of each division 
or by comparing the actual position of the measuring 
instrument pointer with the position which it would 
have if the divisions were free from error (see 
figure 105). 



6.115 Total error of division 

The Sum of the magnitudes (absolute values) of the 
greatest positive and negative steps included in the 
given interval. This interval may correspond to the 
whole of the scale, for instance SSO**; amplitude RS in 
figure 108. 



6.1 16 Graphic representation of these errors 

Take a graduated scale, giving, with the theoretical 
scale, the steps indicated in figure 105: 

1 ) If a diagram is drawn (see figure 1 06), showing as 
abscissae a series of divisions and as ordinates 
the individual errors, the maximum amplitude MN 
represents the local error of division in interval 
to 6. For the whole series of the scale this local 
error is represerited by PH. 

2) If a diagram is drawn showing as abscissae a 
series of divisions and as ordinates the successive 
errors of division (see figure 107), this diagram will 
allow the positions of the greatest errors in a 
given interval to be found. 

3) If a diagram is drawn showing as abscissae a 
series of divisions and as ordinates the position of 
every division in relation to its theoretical position 
(see figure 108), the maximum amplitude RS, 
shown by the diagram, represents the total error 
of division. 

It should be noted that figure 106 can be deduced 
from figure 108 as follows: the ordinate of step k of 
figure 1 06 is equal to the difference between the 
ordinates of the steps k arid A: - 1 of figure 1084). 



4) The individual error ab - a'b' can be put in the form (aa' + a'b) - (a'b + bb') or as (b'b - a'a); this expression represents the 
actual difference between each pair of lines of a given division (see figure 1 05). 
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Actual division 




Figure 105 

Deterinination of local error of division 



MN = local error In the to 6 interval 
PH = local error in the to n interval 
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Division numbers 
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Figure 106 



Successive errors of division 




No. 1-2 2-3 3-4 4-5 5-6 * * ♦ 

Figure 107 

Determination of the total error of division 



Division numbers 



n-1 




Rgure 108 
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6.12 Methods of measurement 

As the measurement of errors of division usually re- 
quires special instruments, reference should be made 
to technical notes dealing with this subject. 



6.13 Tolerance 

Usually, it is not necessary to fix tolerances for each 
of the five errors which have been defined. Thus for 
linear divisions, the tolerance is always indicated for 
cumulative error (or step) in a given interval, e.g. 
300 mm; for circular division, the individual and total 
errors are usually given. 

NOTES 

29 When testing machine tools, errors of division normally 
include errors caused by the control devices used in the 
division. Individual values of partial errors (i.e. errors of 
division, off-centre position of the scale in reference to the 
axis of rotation, play in components, etc.) constitute, when 
taken together, the total error. These partial errors are of 
little interest to the user of a machine tool. 

30 Attention is drawn to the fact that the accuracy given 
by a circular dividing mechanism, apart from the intrinsic 
accuracy of the dividing plate, is subject to deviation of 
concentricity of its mounting on the axis of the machine 
spindle. 



6.2 Determination of the linear positioning 
deviations of screw-driven components 

In order to determine these deviations, it may be 
necessary to examine the geometric aspect of all the 
elements which might play a part in the deviations, 
and in particular the lead screw. 

Typically, any set of errors observed is made up of 
two components, cyclic error and progressive error, 
ignoring the effect of errors due to repeatability and 
time. Cyclic error can be considered as any error 
component which repeats itself at least once along an 
axis of the machine tool, and progressive error as a 
non-cyclic error. Especially with machines that pos- 
ition directly off the lead screw, cyclic error can con- 
tribute a large proportion of the total error. 

The accuracy of the pitch of the lead screw is only 
one of the numerous factors which control the accu- 
racy of the displacement. Play in certain components 
and deflections may be important. It may be possible 
to attach to each of the factors concerned individual 
tolerances in such a way that the overall tolerance 
corresponds to the expected accuracy of the ma- 
chine. 

In machine tool testing therefore, only the deviation of 
a screw-driven component need be determined by the 
use of geometric tests or practical tests. 



For a geometric test, there are a number of methods 
that can be used. These include using a master screw 
and dial gauge, gauge blocks and dial gauge, or laser 
interferometry. 

For a machining test, a workpiece is machined and 
given lengths on it are measured; e.g. in the particular 
case of a lathe lead screw, a machining test may be 
carried out by setting up a workpiece on the machine 
at any point along the bed and rotating the lead screw 
over a maximum length of 300 mm. The pitch ob- 
tained on the workpiece shall then be checked, for 
instance by means of a measurinci machine. 



6.3 Angular play 

6.31 Definition 

Angular play of a moving component is defined by the ^ 
angle of displacement permitted by the play which 
may exist in its locking system when the component 
has been locked. 

6.32 Method of measurement (testing of the 
indexing device/component) 

This test may be made by fixing a bar of sufficient 
length perpendicular to the rotational axis to effect the 
measurement over a known distance on an indexing 
device/component. At this distance, a dial gauge is 
mounted so that its stylus bears against the bar. A 
torque is exerted on the indexing device in one 
direction, then in the opposrte direction, and differ- 
ences are read off the dial gauge. The value of the 
torque should be so selected as not to add any sig- 
nificant errors due to deflection of the indexing 
device/component. 

6.33 Tolerance 

The tolerance of angular play is the maximum allowed 
angular play, expressed as an angle or as tangent of 
that angle. 



6.4 Repeatability of devices with angular 
indexing 

6.41 Definition 

Repeatability of angular indexing is defined as the 
maximum difference (range) of angular displacement 
resulting from a series of trials when approaching any 
angular target position under the same conditions of 
direction and speed of approach (where applicable, 
clamping will take place at the end of each approach 
and angular play wilt be included). 

For the repeatability of continuous numerically con- 
trolled angular positioning, see ISO 230-2. 
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6.42 Method of measurement 

The test may be made in the same way as the test for 
angular play, with a bar and a dial gauge. For a given 
indexing position, the rncving component shall be 
rotated through one complete revolution. The maxi- 
mum differenqe between the readings made between 
successive locking represents the repeatability corre- 
sponding to this position. Measurements shall be 
repeated at each indexing position. 

6.43 Tolerance 

The tolerance of repeatability is the allowed range of 
the measured angular deviations, expressed as an 
angle or as a tangent of that angle. It includes the 
tolerance of the angular play {in fact, the tolerance of 
repeatability cannot be fixed independently of toler- 
ances of angular play). 



6.5 Intersection of axes 



6.53 Tolerance 

The distance between two intersecting axes, when it 
is not important that axis 1 pass before or behind axis 
2, is given as follows: 

distance of axis 1 to axis 2: ± ... mm 

In pttier cases, when the tolerance depends on oper- 
ating conditions, it is stated as: 

. . .mm when axis 1 is to be higher than axis 2 



6.6 Circularity 

6.61 Definition 

A line situated in a plane is said to be circular when all 
its points are contained between two concentric 
circles whose radial separation does not exceed a 
^iven value (see figure 110). 



6.51 Definition 

Two T»OT>paraltel axes are said to intersect vyhen the 
shortest distance between them lies within the speci- 
fied tolerance. 

6.52 IVIetliods of measurement 

6.521 Direct measurement 

The point of intersection of two non-parallel axes can 
be determined by means of measurements made 
between the shafts representing these axes. The 
method is the same as that for checking the equidis- 
tance of two axes with an additional plane (see 
5.432.1). This check is easier if the shafts are replaced 
by two suitably machined bars, with a flat face in a 
plane parallel to their axes. Measurements are taken 
between the two flat faces to determine the deviation 
of intersection (see figure 109). 



^^\ ir 




Hgure 109 

6.522 Indirect measurement 

Indirect measurement can be made by using a separ- 
ate reference plane, for example a surface plate 
which is set up parallel to the two axes. Independent 
measurements are taken from the reference plane to 
each axis and cortipared. 




Circularity tolerance 



Figure 110 

Circularity may refer either to the shape of a test 
piece or to the shape of the path described by a 
moving component(s). 

6.62 IVIetiiods of measurement on test pieces 

6.621 Circularity measuring machine with rotating 
picioip or rotating table 

In both cases the test piece is centred on the table 
(small eccentricities may be compensated for). In the 
first case the instrument is rotated around the test 
piece (see figure 111), while in the second the table 
rotates (see figure 112). A polar diagram is plotted 
from which the circularity is evaluated. 
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Figure 111 
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6.622 Coordinate measuring machine 

An instrument moving along the circumference estab- 
lishes the position of each point in the form of X and 
y coordinates (see figure 113}. From this data, the 
circular profile and circular deviations are determined. 



\ ^^ _Ll__» 



RgurellS 

6.623 Proiection of the profile 

The profile to be checked is projected onto a screen 
to produce an image of the circumference (see fig- 
ure 114). The two concentric circles represent the 
tolerance zone and the circularity deviation. 

NOTE 31 This method is limited to smaller test pieces by 
the size of the projector. 




Figure 114 

6.624 Vee-block method 

The test piece is supported on two vee-biocks 
(preferably with an included angle of 108°). The test 
piece is rotated and the deviation of circularity is 
measured by a dial indicator (see figure 115). 
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RgurellS 

6.63 Measurement of numerically controlled (NC) 
circular movements 

Circular movements may be affected by the applied 
feed rate. The results are comparable to the results 
obtained on machined parts, if diameter and feed rate 



are the same for machining and for direct measure- 
ment of the circular movement. 



6.631 Rotating one-dimensional probe 

A one-dimensional probe, e.g. an electronic probe, is 
moved by the NC machine on a circular path. The 
probe is rotated by a special rotary fixture and 
measures displacement relative to a test mandrel 
(figure 116) or a circular master (see figure 118) or a 
target fixed on a special rotary fixture 2 and rotated in 
conjunction with the probe (see figure 117). The signal 
of the probe is plotted on a circular diagram (a circular 
diagram is shown in figure 110). The circular diagram 
can be produced, e.g. by a synchronized polar plotter, 
by computer evaluation or by use of an additional 
rotary resolver in the rotary fixture and a polar plotter. 




1 One-dimensional probe 

2 Special rotary fixture 

3 Test mandrel 

Rgure116 



6.632 Circular master and two-dimensional probe 

A two-dimensional probe is moved by the NC ma- 
chine on a circular path relative to a circular master 
without rotating the probe (see- figure 118). The pro- 
grammed diameter of the circular path is chosen so 
that the two-dimensional probe keeps in contact with 
the circular master. The two signals of the probe are 
plotted directly on an A'F-plotter that produces the 
circular diagram (a circular diagram is shown in 
figure 110). 
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To computer 




1 Special rotary fixture 1 

2 Special rotary fixture 2 

3 One-dimensional probe 

4 Target 



Rgurell? 




1 Two-dimensional probe 

2 Circular master 

3 Slide of the machine 



Figure 118 



42 



IS 2063 (Part 1) : 2002 
ISO 230-1 : 1996 




To plotter 
and computer 



1 Ball 

2 Socket 



Figure 119 



6.633 Telescopic ball bar 



A telescopic ball bar (see figure 119) is attached by 
suitable sockets on the NC machine, one socket on 
the table of the machine and one socket on the 
spindle head which is moved on a circular path rela- 
tive to the table. A change in the distance R between 
the two balls is measured. The measurement signal is 
plotted on a circular diagram (a circular diagram is 
shown in figure 1 10). The circular diagram can be pro- 
duced e.g. by a synchronized polar plotter or by com- 
puter evaluation. 



Cylindricity tolerance 



Figure 120 



6.7 Cylindricity 

NOTE 32 Although the control of circularity, straightness 
and parallelism by means of a cylindricity tolerance may 
appear to be a convenient technique, the measurement of 
cylindricity in accordance with its definition may present 
considerable difficulties. It is recommended that individual 
characteristics comprising cylindricity be toleranced separ- 
ately, as appropriate to the part concerned. 

6.71 Definition 

A surface is said to be cylindrical when all its points 
are contained between two coaxial cylinders of revol- 
ution whose radial separation does not exceed a given 
value (see figure 120), 

6.72 Methods of measurement 

All the procedures involve a measurement of dimen- 
sional deviation with respect to a reference of cylin- 
dricity. 



6.721 Coordinate measuring machine 

The circular profile of each section is determined by 
scanning the circumference with a probe (see 
figure 121). 




— X 



Rgure 121 
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6.722 Circularity measuring machine with rotating 
probe or rotating table 

In both cases the test piece is centred on the table 
and the probe can be moved parallel to the axis of the 
rotating table. In the first case the probe is rotated 
around the test piece (see figure 111), while in the 
second the table rotates (see figure 112). The cylin- 
dricity is determined by superimposing the polar dia- 
grams taken at various sections. 

NOTE 33 This method gives high accuracy wjth ea§y 
alignment, but requires expensive equipment. 

6.723 Vee-bfock method 

The test piece is supported on two vee-blocks 
(preferably with an included angle of 108°). The test 
piece is rotated and the deviation of circularity is 
measured by a dial indicator (see figure 115). The 
procedure is repeated at a number of sections to 
provide an indication of cylindricity. 



6.8 Consistency of machined diameters 

6.81 Definition 

Diameters are said to be consistent when the vari- 
ation between machined diameters at intervals along 
the test piece, measured in a single axial plane, fall 



within given maximum and minimum diameters (see 
figure 122). 

6.82 Methods of measurement 

6.821 Micrometer or similar two-point measuring 
instrument 

Readings are taken at each band in one plane only. 
Measurements can be taken while the test piece is 
still on the machine tool (see figure 123). 



Oi O2 Dj Dl, 



Optional steps 



Figure 122 




Figure 123 



6.822 Height gauge 



The test piece is fixed horizontally between centres or 
supported by vee-blocks. The highest and lowest 
points of the machined diameters are measured using 
a height gauge (see figure 124). 



Height gauge 




Rgure 124 
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Annex A 

(informative) 

Instruments and equipment for testing machine tools 



A.1 General 

The measuring equipment described in tliis annex is 
used for the geometric testing of machine tools. 
Where necessary, reference is made to the appro- 
priate International Standards. 

Clauses A.2 to A.5 describe the precision instruments 
used for the testing of machine tools. Their accuracy 
is that of measuring instruments for inspection pur- 
poses {not for standard rooms). 

Where practicable, measurement errors for these 
instruments should be equal to or less than 10 % of 
the tolerance zone for the feature being checked. 

The measuring equipment should be calibrated at 
regular intervals in comparison with known reference 
standards, with respect to the metrological require- 
ments. If necessary, calibration charts shall be sup- 
plied to show the condition of the equipment. 

Measuring equipment should not be used until it has 
been allowed to stabilize at the ambient temperature, 
and be kept as stable as possible during the test 
procedure. 

Care should be taken to prevent disturbance to the 
equipment due to vibrations, magnetic fields, electri- 
cal interference, etc. 



A.2 Straightedges 

A.2.1 Description 

A straightedge is a material representation, to a given 
accuracy, of a straight reference line, by reference to 
which deviations from straightness or flatness of a 
surface may be determined. 

There are two principal types of straightedge: 

— the bow-shaped straightedge (see figure A.I a)l 
with a single edge; 

— the straightedge with two parallel faces. 
The latter type may be: 

— single-section with a solid or lightened web [see 
figure A.I b)]. 

— of plain rectangular section [see figure A.I c)l; 

Straightedges should preferably be heat-treated and 
stabilized. 



A.2.2 Accuracy 

For testing machine tools, straightedges shall comply 
with the following conditions. 

A.Z21 Permissible deflection 

The moments of inertia of the sections shall be such 
that the natural deflection of the straightedge, when 
resting on two supports situated at the extreme ends, 
shall not exceed 0,01 mm per 1 000 mm. 

The exact value of this natural deflection, which 
represents the maximum deflection of the straight- 
edge, shall be marked on one of its faces. 

A.2.22 Hatness and straightness of worlcing faces 

The errors in flatness and straightness of the working 
faces of straightedges when supported at the most 
favourable positions (see figure A.I) shall not exceed 
the following amounts: 

(2 + 0,01L) 
1 000 

where L is the working length, in millimetres. 

In addition, the errors over any length of 300 mm 
should not exceed 0,005 mm. 

A.2.23 Parallelism of worlcing faces 

For straightedges with two parallel faces, the error in 
parallelism of the working faces, in millimetres, shall 
not exceed 1,5 times the tolerance on their straight- 
ness, viz. 

1.5(2 + 0,01L) 
1 000 

A.2.24 Straiglitness of side faces, in millimetres 

10(2 + 0,01L) 
1 000 

A.2.25 Parallelism of side faces, in millimetres 

15(2-hO,01L) 
1 OOO 
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W = working face 
S = side face 



Rgure A.1 — Positions of best supports for straightedges 



A.2.26 Squareness of side faces to worlung faces 

± 0,002 5 mm for a measuring length of 1 mm 
A.2.27 Surface finish of worlcing faces 

The working surfaces used when measuring should 
be either finely ground or well scraped. 

A.2.28 Width of the straightedge 

When the straightedge is used with a level, the width 
of the working faces shall be not less than 35 mm. 

A.2.3 Precautions in use 

Straightedges are generally used horizontally, either 
resting on their side face with their working face 
vertical, or resting on supports with their working face 
horizontal. 

In the latter case, the supporting positions should be 
chosen preferably so as to minimize the natural de- 
flection. In case of straightedges of a uniform cross- 
section, their supports should be separated by 5L/9, 



and situated at a distance of 2L/9 from the ends (see 
figure A.I). These particular positions for the supports 
shall be clearly marked on the straightedge. 

When a straightedge is not resting on its best sup- 
ports, and particularly when it is supported at the 
extreme ends, its natural deflection should be taken 
into account. 

Table A.I shows, as examples only, five straightedges 
of various lengths which would conform to these 
conditions. The natural deflection depends directly 
upon the modulus of elasticity E of the material used. 
The values of the deflection given in table A.2 corre- 
spond to straightedges made of ordinary cast iron; 
£ = 98 kN/mm2. In the case of steel, 
£ = 196 kN/mm2, the deflections would be halved. In 
the case of high-duty cast iron, where for example 
£=147kN/mm2, the deflection would be pro- 
portional to the modulus of elasticity. 

A.3 Test mandrels with taper shanks 

A test mandrel represents, within given limits, the 
axis which is to be checked, either for run-out or for 
position in relation to other components of the ma- 
chine. 
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No. 



Length 



Working 



300 



500 



800 



1 000 



1 600 



Total i> 



340 



540 



840 



1 040 



1 640 



Table A.1 — Straightedges 



Dimensions in millimetres 



Diagram 
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Normal type 



Section 



12 



15 



a — 

CO 



r/a 



35 



12 
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W--1 



40 




P 
^ 



12 



50 






Mass^) 

kg 



12 



33 



1) The total length is a little greater than the working length, so that inspections may be made without having to use the ends ot the 
straightedge, which are more difficult to machine accurately. 

2) Masses are relative to plain cast iron; they would be slightly greater in the case of steel. 
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Table A.2— Accuracy requirements corresponding to the five straightedges In table A.1 

Dimensions in millimetres 



No. 


Dimensions 


Deflection with supports 

at extreme end in tlie 

case of plain cast iron^> 


Worldng faces 


Side facet | 


Straightness2i 


Parallelism 


Straightness 


Parallelism 


Squareness or 

perpendicularity to 

working faces 


1 


300 Normal 
300 Broad 


0,001 


0,005 


0,t)07 5 


0,050 


0,075 


± 0,008 


2 


500 Normal 
500 Broad 


0,003 


0,007 


0,010 5 


0,070 


0,105 


±0,012 


3 


800 


0,004 


0,010 


0,015 


0,100 


0,150 


± 0,020 


4 


1 000 


0,008 


0,012 


C,018 


0,120 


0,180 


. ± 0.025 


5 


1600 


0,016 


0,018 


0,027 


0,180 


0,270 


±0,045 


1) £ = 98kN/mm2 

2) Local tolerance = 0,005 mm over 300 mm, 



A3.1 Description 

Test mandrels have ii tapered shank for inserting in 
the socket of the nnachine to be tested, and a cylindri- 
cal body which is used as a reference for the 
measurements [see figure A.2 a) and b)]. They are 
made of hardened and stabilized steel, either unplated 
or plated with hard chromium. 

They also have the following characteristics: 

a) ground and lapped centres, recessed for protec- 
tion at the ends, for purposes of manufacture and 
inspection; 

b) four reference lines r spaced at 90° (1 , 2, 3 and 4); 
the distance between the marks at the two ends 
of the cylindrical part represents the measuring 
length /: 75 mm, 1 50 mm, 200 mm, 300 mm or 
500 mm; 

c) in the case of relatively slow Morse and metric 
tapers, the mandrels are self-holding in the socket 
[see figure A.2 a)]. A threaded portion is provided 
to receive a nut for extracting the mandrel from 
the socket; 

d) in the case of relatively steep tapers (see fig- 
ure A.2 b)l, a tapped hole is provided for fixing the 
mandrel by means of a threaded retaining bar, or a 
retention knob as used with an automatic tool- 
changing device [see figure A.2 c)]. 

Finally, in order to avoid the mandrel being reversed 
end for end when grinding, the instrument may also 
be fitted with an extension P of a length from 14 mm 
to 32 mni and a diameter slightly smaller than that of 
the cylindrical part [see figure A.2 d)]. 



Figure A.3 shows, as examples, a series of suitable 
mandrels. The external dimensions (diameter and 
length) and the profile of the bore of these mandrels 
have been determined so that (with the exception of 
those with Morse tapers No. and No. 1 ) the deflec- 
tion at the free end, due to the overhanging weight of 
the mandrel and the deflection caused by the press- 
ure of a dial gauge upon it, are negligible when testing 
with these instruments. 

Table A.3 gives the values of the deflections. These 
deflections have been calculated for E =206 kN/mm2; 
even for somewhat smaller values (E= 176kN/mm2 
to 186 kN/mm2) the deflections are still negligible. 

In the case of the 7/24 taper, table A.4 indicates the 
correspondence between the cylindrical portions and 
the dimensions of the cone. 

If the mandrels with dimensions differing from those 
in figure A.3 are used for checking alignment, their 
deflection should be distinctly marked on them and 
taken into account when testing machines. 

Finally, attention is dravyn to the fact that mandrels 
above 5 kg in mass tend to cause deflection of the 
spindle into which they are inserted. 

A.3.2 Accuracy 

Mandrels should meet the requirements given in 
tables A.3, A.4 and A.5. 

In order to obtain a good fit in machine sockets, the 
accuracy of the taper shanks should correspond to 
that of taper plug gauges. 
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Dimensions in millimetres 
5 



4 reference lines (r) 





4 reference lines (n) 






20 


/ 




5 


// 

^ 
















— 




^ 










'>r-i 













4 reference Lines (r) 





Figure A.2 — The mandrels of Morse and metric tapers 



Table A.3 — Test mandrels — Deflection values 









Mandrels witiiout extension 






Mandrels with extension 






No. 
of taper 


Worlcing 
length 






Type A 








TypeC 




Obser- 
vations 


Approxi- 
mate 
total 
mass 


Natural 
deflec- 
tionD 


Additional 

deflection under 

load P acting 

on free end 


Total 
deflec- 
tion 


/^proxi- 
mate 
total 
mass 


Natural 
deflec- 
tion^) 


Additional 

deflection under 

load P acting 

on free end 


Total 
deflec- 
tion 




mm 


kg 


mm 


P 

g 


mm 


mm 


kg 


mm 


P 

Q 


mm 


mm 




Morse 


75 


0,11 


0,000 65 


50 


0,000 9 


0,001 6 


0,12 


0,000 9 


50 


0,000 9 


0,001 8 


Deflections 

' shall be taken 

into account 


Morse 1 


75 


0.13 


0,000 5 


50 


0,000 7 


0,001 2 


0,14 


0,000 7 


50 


0,000 7 


0,001 4 


Morse 2 


150 


0,73 


0,001 5 


100 


0,000 6 


0,002 1 


0,79 


0,001 9 


100 


0,000 6 


0,002 5 




Morse 3 


200 


0.96 


0,001 8 


100 


0,000 7 


0,002 5 


1,09 


0,002 2 


100 


0,000 7 


0,002 9 




Morse 4 


300 


2,2 


0,003 3 


100 


0,000 7 


0,004 


2,28 


0,003 9 


100 


0,000 7 


0,004 6 




Morse 5 


300 


3 


0,002 6 


100 


0,000 6 


0,003 2 


3,14 


0,003 1 


100 


0,000 6 


0,003 7 


Deflections 
are negligible 


Morse 6 


500 


10 


0,005 8 


100 


0,00035 


0,006 2 


10,32 


0,006 6 


100 


0,000 35 


0,007 




Metric 80 
and 


























larger 


500 


15 


0,003 5 


100 


0,000 15 


0,003 7 


15,24 


0,003 9 


100 


0,000 15 


0,004 1 




1) Thef 


gures shov 


i/n corresp 


ond to tlie 


difference in natural c 


leflection a 


t the two e 


nds of the 


measurement length. 
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Dimensions tn nnillimetres 




Morse 2 



Morse and 1 



_^4 lines 0,1 mm 
' wide, spaced at 90* 
NOTES 

1 An extracting nut should be supplied with each mandrel. 

ch=.rf h'/^'^'''"'^'^°^ *!!^ ^^P®!.^" ^^^"^ '^^^' *° ^^ '="''®"* 'S° specification; the dimension D, will be that of the specification The mandrel 
shall have a ground and lapped centre of the protected type at each end. <» «' " ic sjJB^-irii-diion. i ne manarei 

LJlTn^r '".?K^^®'^ '" "^f^"^ 'i"® *^ ^^^* °^ ^^® '^^"<^'®' 5^°^ '" ^'Q^f^ ^."2 d); this extension P has been added to assist manufacture The 
total length will be increased by this amount, as also that of the first bore, the end plug being unchanged. manuraciure. i ne 

Figure A.3 — Test mandrels 
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Table A.4 — Test mandrels — Cylindrical parts of 7/24 taper shanks 



Taper 7/24 No. 


30 


40 


45 


50 


Short mandrel 


Long mandrel 


Measuring length, ; 


200 mm 


300 mm 


300 mm 


300 mm 


500 mm 


Mandrel Morse No. to which cylindrical part is 
adapted 


3 


4 and 5 


4 and 5 


4 and 5 


6 



Table A.5 — Test mandrels — Requirements 



Dimensions in millimetres 



Measuring length, / 


75 


150 


200 


300 


500 


Total run-out along entire length 


0,002 


0,002 


0.003 


0,003 


0,003 


Maximum variation In diameter of cylindrical part 


0.002 


0,002 


0,003 


0,003 


0,003 


Taper tolerance 


Accuracy of taper shanks should correspond to that of taper plug gauges 1 



in the case of hollow mandrels, the end-plugs should 
be rigidly and securely fixed in such a manner that no 
subsequent" distortion will take place (e.g. by freezing 
fit). 

The machine tests using a mandrel consist of mount- 
ing it between centres and testing the run-out at a 
number of points equally spaced along the axis of the 
mandrel, and also measuring the diameters of the 
cylindrical part in the two axial planes corresponding 
to the four reference lines. The tolerances given in 
table A.5 shall be complied with in relation to the 
measuring length. 

Finally, the cylindrical portion shall have a very finely 
, ground surface so as to reduce friction at the contact 
point of the dial gauge stylus. 



A.3.3 Precautions in use 

The taper shank of the mandrel should be well fitted 
in the machine spindle; this may require attention to 
the spindle. 

To measure the run-out, the mandrel should be suc- 
cessively inserted in the spindle in four positions, 
each at 90° to the previous, and the mean of the four 
results taken. 

To check the accuracy of the lateral position of a 
component or of parallelism, the test shall be made 
successively on two opposite reference lines on the 
cylindrical surface of the mandrel, turning the mandrel 
and the spindle through 180". 

After inserting a mandrel in a spindle, time should be 
allowed to elapse for dissipating the heat of the hand 
of the operator and to allow the temperature to stabil- 
ize. 



In the case of mandrels with Morse tapers No. and 
No. 1 , it is necessary to take into account their natural 
deflection. They should only be used with a dial gauge 
reading to 0,001 mm and having a force not exceed- 
ing 0,5 N. The dial gauge should preferably be applied 
to the underside of the mandrel so as to oppose its 
natural sag. 



A.4 Mandrels between centres 



A.4.1 Description 

Whilst a test mandrel with a taper shank serves as a 
material representation of an axis of rotation, a man- 
drel mounted between centres (see figure A.4) rep- 
resents simply a straight line passing between two 
points. The axis of such a mandrel should be straight 
and its exterior surface truly cylindrical. 

It has, at each end, four reference marks located in 
two perpendicular axial planes, and centres recessed 
for protection. 

These mandrels are generally manufactured from 
weld-free hot-drawn steel tubes. The tubes are fitted ■ 
with terminal plugs with ground and lapped centres 
which serve for machining and testing. The end plugs 
should be rigidly and securely fixed in such a manner 
that no subsequent distortion will take place. The 
outside of the tube is ground to obtain the required 
degree of cylindricity. The machining operation re- 
quires wall thickness which is not usually available in 
ordinary tubing; it is necessary to use reinforced high- 
pressure tubing. The metal must be stabilized before 
final grinding. The cylinder should be hardened and 
may be hard chrome-plated to increase its resistance 
to wear. 
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Figure A.4 — Mandrel for mounting between centres 



A.4.2 Accuracy 

The only real problem concerning test mandrels 
between centres is achievement of the necessary 
accuracy in their manufacture. As alignment of ma- 
chine tools needs to be measured to an accuracy of 
0,01 mm on 300 mm, a cylindrical mandrel should be 
straight to at least 0,003 mm over the same length. 

Above 300 mm, mandrels should be tubular, the wall 
thickness being so chosen as to reduce the mass, but 
not at the expense of rigidity. 

Mandrels above 1 600 mm in length present difficult- 
ies in manufacture and their mass tends to render 
them unmanageable. For longer lengths, it is necess- 
ary to use alternative test methods such as optical 
apparatus, stretched wire and microscope, etc. 

Examples are given in table A.6 of four ranges of 
mandrels suitable for carrying out the majority of tests 
required on machine tools. 

Mandrels are inspected by mounting them between 
centres and checking at regular intervals, e.g. every 
50 mm or 100 mm, the run-out and the diameters in 
two axial planes at 90°. These planes correspond to 
the four reference lines which are marked on the 
cylindrical surface. 



A.4.3 Precautions in use 

To check parallelism, readings are taken on one 
reference line on the cylindrical surface of the mandrel 
and then on the opposite one after turning the man- 
drel through 180*. Theste two sets of readings are 
then repeated on the same pair of reference lines 
after turning the mandrel end for end. The mean of 
these four sets of readings then gives the deviation 
from parallelism. This method of measurement serves 
to eliminate most of the causes of deviation arising 
from inaccuracies of the mandrel. 



A.5 Squares 

The principal types of squares are: 

1) the square represented by a plane and an edge at 
right angles, with or without a reinforcing rib [see 
figure A.5 a)]; 

2) the cylindrical square, represented by an axis 
perpendicular to a plane [see figure A.5 b) and 
A.5 c)]; 

3) the block-type square with or without reinforcing 
ribs [see figure A.5 d)). 



\ 



\ 





n^^^ 



b) c) d) 

Figure A.5 — Principal types of squares 
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Table A.6 — Cylinder types 



Overall length 

L 

mm 


Outside 
diameter 

D 

mm 


Inside 
diameter 

d 

mm 


IVIass with- 
out end- 
plugs 

kg 


Natural 
deflection i> 

mm 


Accuracy 


Surface 
finish 


IVIaximum 

variation in 

diameter 

mm 


Maximum 
run-out 

mm 


150«L«300 

301 ^ L « 500 

501 =s L ^ 1 000 

1 001 =s L « 1 600 


40 
63 
80 

125 



50 
61 
105 


1,5 to 3 
2,7 to 4,5 
8,3 to 16,5 
28,2 to 45 


0,000 02 to 0,000 04 

0,000 1 to 0,000 7 

0,000 5 to 0,008 

0,003 to 0.019 


0,003 
0,003 
0,004 
0,005 


0,003 
0,003 
0,007 
0,010 


Finely ground 


1) £;=206kN/mm2 



A.5.1 Description 

The dimensions of squares do not generally exceed 
500 mm. To check squareness over a greater length, 
it is preferable to use optical methods, which are 
more practical. 

Squares are made of steel, cast iron or other suitable 
material; they may be hardened and stabilized. 



A.5.2 Accuracy 

Squares shall be constructed so as to comply with the 
following requirements. 

A.5.21 Tolerances on flatness and straightness 

The tolerance on flatness of squares with arms, or 
tolerance on straightness of cylindrical squares, is 
given by: 

(2 + 0,0 ID 
1 000 

where L is the working length, in millimetres. 

A.5.22 Tolerance on squareness 

0,005 mm for any measuring length of 300 mm 
The angle may be either smaller or larger than 90°. 

For squares of the type shown in figure A.5 a), both 
working faces of the vertical limb should be perpen- 
dicular to the base. 

A.5.23 Rnish of the working surface 

The working surfaces shall be firiely ground or well 
scraped. 



A.5.24 Tolerance on rigidity of squares with two 
arms 

When a load of 2,5 N is applied at the extremity of the 
weaker of the two arms of the square in a direction 
parallel to the other arm (see figure A.6), the deflec- 
tion, in millimetres, should not exceed: 

(0,7Vl) 
1 OOO 

where L is the working length of the weaker arm of 
the square, in millimetres. 




Rgure A.6 — IVIeasurement of rigidity of squares 
with two arms 



A.5.3 Precautions in use 

The tolerances of squareness which are ordinarily met 
on machine tools vary from 0,03 mm/1 000 mm to 
0,05 mm/1 000 mm. Squares serve conveniently for 
dealing with these tolerances. For finer tolerances, 
however, account should be taken of the error of the 
square used. Alternatively, some other method of 
measurement which does not involve the use of a 
square may be considered. 
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A.6 Precision levels 

Spirit levels (see figure A.7) and electronic levels (see 
figure A.8} are the two types of precision levels. 

Both types of levels have two main functions: 

a) determination of absolute level; 

b) comparison of small changes of angle or slope. 

The required accuracy of the test to be performed 
determines the sensitivity and type, of level required. 

A.6.1 Spirit levels 

A.6. 11 Description 

A level may be fitted with a micrometer screw or with 
graduation lines on the tube, with or without adjust- 
able screw. 

In the first case, the changes in slope are read on the 
deviation of the micrometer; in the second case they 
are read directly on the graduation lines of the tube. 

The constant of a level or apparent sensitivity, n, is 
the change in tilt, expressed in millimetres per milli- 
metre (or in seconds of arc), which produces a dis- 
placement of the bubble by one division. 

A.6.12 Accuracy 

It is recommended that, for testing machine 
tools, levels should have an accuracy of 
0,005 mm/I 000 mm to 0,01 mm/1 000 mm and 
the bubble should move through at least one 
division for a change of angle not greater than 
0,05 mm/1 000 mm. 

The flatness of the base should comply with the 
following tolerances: 

0,004 mm for L =s 250 mm; 

0,006 mm for 250 mm < L « 500 mm. 



In the case of a level having a continuous unrelieved 
flat base, it is important that the base be not convex. 

A.6.13 Precautions in use 

Tests with a level should be carried out in as short a 
time as possible, and measurements should be re- 
peated in the reverse direction in order to take ac- 
count of temperature variations which may occur 
between the initial and final readings. 

As their glass tubes are liable to deform with age, 
spirit levels should be recalibrated at regular periods. 
The date of each calibration should be given on the 
level's calibration sheet. 



A.6.2 Electroniclevels 

A.6.21 Description and accuracy 

Electronic levels, in comparison with spirit levels, are 
more sensitive, respond faster, are less affected by 
temperature and can be interfaced to automatic plot- 
ting devices. 

A.6.22 Precautions in use 

As the magnification of electronic levels is adjustable, 
it is important that the magnification be periodically 
calibrated using a sine bar to tilt it through a known 
angle. Some electronic levels are adversely affected 
by magnetic force, e.g. magnetic chucks or magnetic 
dial indicator bases. 

Ensure that the surface at 90° to the direction of 
measurement is level within the instrument manufac- 
turer's specification. When checking for absolute 
level, two readings with the level should be taken, the 
second being made after the level has been rotated 
through 180" 

The two readings should be algebraically added 
together and divided by two, to provide the mean 
reading. 




Rgure A.7 — Adjustable spirit level 
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When making a topographical survey, it is innportant 
to know the distance L (see figures A.7 and A.8> 
between the nniddle of the support points, and to take 
readings by moving the level and its support in in- 
creenents of L between each reading, ensuring that 
the trailing foot occupies the same point that the 
leading foot occupied during the previous reading. 
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It is emphasized that the principal characteristics of 
these instruments are: 

a) the curve of errors; 

b) the maximum value of hysteresis; 

c) the extreme values of the measuring force at the 
beginning and end of the stroke of the stylus; 

d) the maximum local variation of the measuring 
force (this force generally has different values for 
the in-and-out movements of the plunger at every 
position in the stroke); 

e) the repeatability when used upside down. 

It is recommended that the dial gauges used have a 
short stroke and, in particular, that they have low 
hysteresis and a light contact force. 



Rgure A.8 — Electronic level 



A.7 Linear displacement probes 

Two types are shown as examples: dial gauges and 
electronic probes. 

A.7 . 1 Dial gauges (see figures A.9 and A. 1 0) 

For details of dial gauges, reference should be made 
to ISO 463. Ordinary tests can be made with 0,01 mm 
dial gauges, but for more precise tests (e.g. run-out of 
a spindle of a machine tool), dial gauges with 
0,001 mm resolution should be employed. 



A.7.2 Electronic probes 

Electronic probes consist of a gauge head connected 
to an amplifier. The amplifier is capable of displaying 
the linear displacement of the gauge head to a high 
accuracy. The gauge head can be either cartridge- 
head or lever-head design (see figures A. 11 and A.I 2). 



(CX 




3) 





Figure A.9 — Dial gauge 



Figure A.1 1 — Carbidge head 




Figure A.12 — Lever head 




Rgure A.10 — Dial gauge 



A.7 .3 Precautions in use 

Supports for dial gauges and electronic probes should 
be of sufficient stiffness to prevent unwanted errors. 

The stylus of the dial gauge or electronic probe should 
be normal to the Surface to be checked, to avoid inac- 
curacies. 
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A.8 Surface plates 

A.8.1 Description 

The size of surface plates range from 160 mm x 
100 mm to 2 500 mm x 1 600 mm. Cast-iron plates 
smaller than 400 mm x 250 mm are provided with 
suitable hand grips to permit mar.ipulation (see fig- 
ure A.13). Cast-iron plates larger than 400 mm x 
250 mm have detachable handles. Granite plates do 
not have handles (see figure A. 14), 




Figure A.13 — Typical steel or cast-iron plate 




Rgure A.14 — Typical granite plate 

A.8.2 Precautions in use 

Supporting feet of surface plates up to and including 
1 000 mm X 630 mm are provided with three adjust- 



able supporting feet; safety feet to prevent tipping are 
provided at the single foot end of surface plates of 
400 mm x 250 mm and longer. Surface plates larger 
than 1 000 mm x 630 mm are supported on five or 
more adjustable feet (see figure A. 15). 



♦M 



2i/9 



2i/9 



A, B, C: Supporting feet of the surface plate which ensure 
minimum deflection under its own weight. 

M, N: Safety support feet. 

Rgure A. 15 — Position of feet of large 
surface plates 

A.9 Microscopes with taut-wire (see 

figure A. 16) 



A.9.1 Description 

The measuring instrument comprises a microscope 
with a reticle and micrometer adjustment to indicate 
its position accurately in respect to the taut-wire. 



Microscope 



Taut-wire 




Rgure A. 16 — Microscope with taut-wire 
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precautions. 

A.10 Alignment telescopes 

A. 10.1 Description 

The alignment telescope (figure A. 17) with access- 
ories is designed to test straightness, paraHelisnn and 
squareness. Through an arrangement of lenses con- 
tained in tubular housing, a view of horizontal and 
vertical cross-wires can be projected onto a target. 




A.10.2 Accuracy 

The vertical and horizontal displacement of the cross- 
wires to the target is measured directly in millimetres 



Figure A.18 — View of cross-wires, target and 
micrometer dials 



Spherical trunnion 



Micrometer dial 




Eyepiece 



Lateral adjuster 



Micrometer dial 



Vertical adjuster 



Figure A.17 — Alignment telescope mounted on a horizontal base 



57 



IS 2063 (Part 1) : 2002 
ISO 230-1 : 1996 



A.10.3 Precautions in use 

The following precautions should be taken in use. 

a) Avoid using where there are changes in tempera- 
ture which could cause undue refraction. 

b) Ensure that the base of the magnetic target 
mount is clean. 

c) Ensure that the micrometer dial readings are 
interpreted correctly, i.e. +ve is not confused with 
-ve. A suggested rule of convention is the 
"LURD" principle (see figure A.20) (i.e. left, up, 
right, down). 

d) Ensure that focus settings are sharp. 

e) Whenever possible, ensure that the instrument is 
mounted rigidly. 



A. 1 1 Autocollimators (see figure A.21 ) 



A.11.1 Desoriptlpn 

Target wires take the place of the light source and 
these are illuminated by a lamp and condenser at the 



side, the light being reflected along the optical axis by 
a transparent reflector. 

The reflected image of the wires, formed in the same 
plane as the wires themselves, is viewed through a 
low-power microscope fitted with a micrometer 
eyepiece, by which variations in the position of the 
reflected image are measured. 



A.11.2 Accuracy 

The micrometer drum is graduated in half-seconds, 
and with a good reflecting surface it is possible to 
obtain repeat readings to within 1/4 second. 



A.11 .3 Precautions in use 

During measurements, the autocollimator telescope 
should be made integral with the component bearing 
on the line to be checked, and should be mounted on 
a steady rigid support. Any deflection of the machine 
should be noted. 

It is important to avoid vibrations or rapid changes of 
temperature. 



Equal heights 




Hgure A.19 — Checking straightness by measuring displacement from the line of sight (L.O.S.) 





Rgure A.20 — LURD principle 



Figure A.21 — Autocollimator 
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A. 12 Sweep optical squares (see 5.324) 



A.12.1 Description 

The sweep optical square is used in conjunctioii with 
the alignment telescope and three datum targets to 
establish a reference plane which enables a surface to 
be checked for flatness (see figure A.22). The tele- 
scope is mounted in a frame which carries a rotating 
optical unit housing a pentagonal prism. The frame 
contains adjustable supports to bring the plane swept 
by the instrument to the centre of the datum targets. 

A.12.2 Accuracy 

The targets are focused as described in A.10, and a 
micrometer dial on the rotating optical unit measures 
the vertical displacement of the targets with respect 
to the cross-wires. 

A.12.3 Precautions in use 

a) Avoid using where there are changes in tempera- 
ture which could cause undue refraction. 



b) Ensure that the base of the magnetic target 
mount is clean, 

c) Ensure that the micrometer dial, readings are 
interpreted correctly, i.e. +ve is not confused with 
-ve. A suggested rule of convention is the 
"LURD" principle (see figure A.20K 

d) Ensure that focus settings are sharp. 

e) Whenever possible, ensure that the instruments 
are mounted rigidly. 



A.13 Laser interferometers 



A.13.1 Description 

The development of the laser interferometer has pro- 
vided the machine tool industry with a high-accuracy 
standard which can be used on machine tools of all 
types and sizes. The stabilized heliunn-neon laser 
currently represents the state of the art in laser length 
standards, and in practical terms has become the 
accepted length standard. 



Fourth target (can be placed anywhere) 

Si 



Datum target 




Sweep optical square 



Figure A.22 — Sweep optical squara setup 
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A.13.2 Accuracy 

The accuracy of the interferometer is determined by 
the laser wavelength, and is better than 0,5 parts per 
million. 

The laser interferometer is capable of measuring five 
of the six degrees of freedom: linear positioning, hori- 
zontal straightness, vertical straightness, pitch and 
yaw, as well as squareness between two axes. All six 
degrees of freedom are of equal importance since 
positioning errors, resulting from unwanted angular 
motions or from out-of-straightness translations, can 
be potentially larger than the linear positioning errors 
on a coordinate axis. 

Other sources of error to be considered before com- 
mencing measurements are: 

a) Environmental error 

For linear measurements it is necessary to realize that 
the absolute accuracy of the laser interferometer is 
directly determined by how accurately the ambient 
conditions are known and, in fact, how stable they 
are. An error of approximately 1 part per million will be 
incurred for each error of 1 °C in ambient tempera- 
ture, 2,5 mmHg in absolute pressure and 30 % in 
relative humidity. These errors can be partially over- 
come by using either manual compensation or one of 
the automatic compensators which can be connected 
to the laser display. 

However, most important is that the conditions re- 
main stable during the test period. 

b) Machine surface temperature 

Another significant source of error in interferometric 
machine tool evaluation is the effect of temperature 
on the machine tool itself. For machine tools that use 
a steel lead, screw to determine carriage position, this 
effect represents an expansion of approximately 



0,000 010 8 mm/mm for a 1 °C rise in the lead screw 
temperature. If the total carriage travel is 1 000 mm, 
this effect represents a potential change in the lead 
screw length of 0,010 8 mm per "C change in tem- 
perature. 

c) Deadpath error 

Deadpath is an error associated with changes in the 
environmental conditions during a measurement. In 
simple terms, it is an error due to an uncompensated 
length of laser-light path, and it occurs when the at- 
mospheric conditions surrounding the laser beam 
change (causing a change in the laser wavelength) 
and when the temperature in the material on which 
the optical interferometer and target reflector are 
mounted changes (causing the distance between the 
interferometer and retroreflector to increase or de- 
crease) (see figure A.23). 

The deadpath area of the laser measurement path is 
the distance between the optical interferometer and 
the reset (or 0) position of the measurement (Li). If 
there is no motion between the optical interferometer 
and the corner cube (retroreflector) and the environ- 
mental conditions surrounding the laser-beam path 
change, then the wavelength will change over the 
entire path (L-\ + L2). If the velocity-of-light com- 
pensation value changes to correct for the new en- 
vironmental conditions, the laser measurement 
system will correct for the laser-wavelength change 
over the distance L2, but no correction will occur over 
the deadpath distance Li. 

d) Cosine error 

Misalignment of the laser-beam path with the axis of 
motion of the machine tool will result in an error 
between the measured distance and the actual dis- 
tance travelled. This misalignment error is usually 
referred to as cosine error, because the magnitude of 
the error is proportional to the cosine of angle of 
misalignment between beam and motion. 



Laser head 



Remote interferometer 

Reset 
(0 point) 



Oeadpatn 
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Rgure A.23 — Deadpath error 
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When the laser measurement system is nnisaiigned 
with the axis of travel of the machine tool, cosine 
error will cause the measured distance to be shorter 
than the actual distance (see figure A.24). 

The distance measured by the laser measurement 
system is L|_ms while the true distance travelled by 
the machine tool is L^. By drawing an arc of radius 
^LMS snd centred at position A, one can easily see 
that Llms 's shorter than Lm- 

The only way to eliminate cosine error is to follow 
good alignment procedures during the setup. 

e) Abbe offset error 

If a measurement is taken at a location which is offset 
from the displacement to be measured, any angular 
motion of the element will introduce an error (see 
figure A.25). 

A rule of thumb helpful in approximating the error 
attributable to an angular motion: for each arc-second 
of angular motion the error introduced is ap- 
proximately 5 tim/m of offset. For a 200 mm Abbe 
offset and a 2 arc-second angular motion, the error 
in the displacement measurement is 200 mm x 
5 Mm/m/arc-second x 2 arc-second = 2 pm. 



A.13.3 Precautions in use 

In setting up a laser measurement system to evaluate 
a machine tool, three basic guidelines should be 
followed: 

a) choose the correct setup to measure the desired 
parameters; 

b) minimize the potential error sources {alignment, 
compensation, deadpath, etc.); 

c) simulate the working conditions of the machine 
tool as closely as possible. 

Each individual setup should be carefully analysed to 
ensure that measurements of machine tool errors 
represent workpiece errors. Measurements should 
reflect the relative motions of the cutting tool and the 
workpiece. It should always be arranged to mount one 
optical component where the cutting tool would be 
situated and the other optical component at the 
workpiece position. 

The laser should be located to maximize the number 
of measurements that can be made without repo- 
sitioning the laser head. Although laser system 
measurements are extremely accurate, it must be 
borne in mind that their correctness depends on the 
initial setup and elimination of potential errors. 
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